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DEFINITIONS

Definitions given here are not necessarily complete; they are intended as
minimum explanations of use in this report.
Aquifer. A rock formation or geologic unit that is water bearing. Also called 

ground-water reservoir.
Aquifer, confined. An aquifer in which water in confined by relatively imperme 

able boundaries, which are generally the upper and lower surfaces of the 
aquifer. The confined water is under hydrostatic pressure which can cause 
it to rise in wells to a level above the top surface of the aquifer. The terms 
artesian aquifer and artesian water refer to these conditions.
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Aquifer, semiconfined. An aquifer at least one of whose confining boundaries 
is sufficiently permeable to permit some movement of water across the bound 
ary into or out of the aquifer.

Aquifer, unconfined. An aquifer whose upper surface is sufficiently permeable 
to allow the free rise and fall of the water table. Also called a water-table 
aquifer.

Bedrock. The consolidated rock of the earth's crust.
Capillary fringe. The zone above the water table containing water in capillary 

openings.
Climatic year. The annual period beginning May 1 and ending April 30. Used 

as computation period for low-flow analyses; designated by the calendar year 
in which it begins.

Discharge, ground-water. Removal of water from an aquifer by evapotran- 
spiration, natural flow to streams, or by pumping.

Discharge, surface-water. Rate of flow of a surface stream in terms of volume 
per unit of time. Expressed in this report as cubic feet per second or million 
gallons per day.

Diversion. In this report, water disposed of, or the disposal of water, outside 
the drainage basin in which it originates.

Drainage basin. An area occupied by a drainage system into which all surface 
waters within the area discharge. The boundary between two drainage basins 
is called a drainage divide.

Drawdown. The lowering or the amount of lowering of the water level in a 
well is the result of withdrawal of water.

Evapotranspiration. Combined discharge of water to the air by direct evapora 
tion and plant transpiration.

Geologic unit. A group of rocks having common or closely related character 
istics. Geologic units in the Ipswich River basin are classified largely 
according to mode of origin.

Ground water. Water in rock materials beneath the surface of the earth. 
Ground water is distinguished from soil moisture in this report. 'See Storage.

Hydraulic gradient. A pressure gradient or the slope of the free upper surface 
of the zone of saturation (water table). In an aquifer it is the change of 
pressure head per unit of distance of flow in a given direction, commonly 
expressed in feet per mile.

Hydrograph. A graph showing changes of level or other property of water 
with respect to time.

Partial-record station. A site where limited streamflow data are collected 
systematically over a period of years for use in hydrologic analyses.

Permeability. The capacity of rock materials to transmit fluid. Permeability 
depends largely on the shape and size of pore spaces and their interconnec 
tions ; in general, the larger the openings, the greater is the permeability.

Coefficient of permeability. As used by the Geological Survey, the rate of flow 
of water in gallons per day through a cross-sectional area of 1 square foot 
under unit hydraulic gradient and at a temperature of 60° F. For field use 
the temperature is neglected and the field coefficient expresses the flow of 
water under prevailing field conditions. Expressed in units of gallons per 
day per square foot.

pH. A symbol used in denoting the acidity or alkalinity of solutions. pH 
values range from 0 to 14; 7 indicates a neutral solution; numbers greater 
than 7 indicate alkalinity, and numbers less than 7 indicate acidity.
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Pleistocene. An epoch of the geologic time scale occuring just prior to the 
Recent epoch. Commonly referred to as the glacial epoch or ice age.

Porosity. The ratio of the volume of openings (pores) to the total volume of a 
rock. If pores are interconnected, the porosity determines the maximum 
capacity of a rock to accept and etore water. Because pore spaces, although 
numerous, may be very small or poorly connected, a high porosity does not 
necessarily indicate a high permeability.

Recession curve. A hydrograph showing the decreasing rate of runoff or ground- 
water discharge following a period of rain or snowmelt.

Recharge. Addition of water to an aquifer by infiltration of precipitation 
through the soil, by seepage from streams or other bodies of surface water, 
by flow of ground water from another aquifer, or by pumpage of water into 
the aquifer through recharge wells; also, the water added by these processes.

Runoff. That part of precipitation that appears in surface streams. It is the 
same as streamflow unaffected by artificial diversions, storage, or other works 
of man in or on the stream channels (Langbein and Iseri, 1960, p. 17). On the 
basis of speed of appearance after rainfall or melting snow, runoff may be 
classified as direct runoff, which is directly associated in time with causative 
rainfall or melting snow, and base runoff, which is the sustained or fair 
weather flow. On the basis of source, runoff may be classified as surface 
runoff, which travels over the soil surface to the nearest stream channel, 
ground-water runoff, which is derived by seepage from the ground-water body, 
and storm seepage, which is derived by seepage from shallow, perched ground- 
water bodies above the main ground-water body. Direct runoff ordinarily 
consists of surface runoff and storm seepage. Base runoff consists largely of 
ground-water runoff but may also include surface runoff. For example, in 
the Ipswich River basin the base runoff at times consists only of ground-water 
runoff, but at other times it may include surface runoff from water tempo 
rarily stored on the swamps.

Sorting. In a sediment, a measure of the range of the size distribution on either 
side of the average.

Sorting coefficient. In this report a figure representing sorting in a given sam 
ple ; determined by the expression: So=VQi/Qs, where Qi is the particle size 
greater than that of 75 percent of the sample, and Q3 is the size greater than 
that of 25 percent of the sample. In a perfectly sorted sample, all particles 
are the same size and So=l.

Specific capacity. The rate of discharge from a well per unit of drawdown, 
expressed as gallons per minute per foot.

Specific yield. The quantity of water that a fully saturated rock will yield by 
gravity drainage; expressed as a percentage which is the ratio of (1) the 
volume of water yielded to (2) the volume of the rock.

Stage. The height of a water surface above an established datum plane; often 
used interchangeably with gage height.

Storage. Water detained in a drainage basin by natural or artificial means. 
In the Ipswich River basin, storage is largely natural and consists of (1) soil 
moisture, water retained in the soil and available for use by vegetation, (2) 
surface-water storage, water temporarily impounded in depressions in the 
earth's surface such as ponds, swamp surfaces, and stream channels, (3) 
ground-water storage, water in the saturated zone of rock materials and in the 
unsaturated zone between the water table and the soil zone, and (4) miscella 
neous categories such as the small amounts of water stored by vegetation, and 
others.
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Stratigraphy. That part of the descriptive geology of the area which pertains 
to the character, thickness, sequence, and age of the rocks.

Surface water. Water on the surface of the earth.
Thiessen method. A graphic means of integrating precipitation records from 

several stations in order to estimate the average precipitation over an area.
Transrmssibility. The capacity of a formation to transmit water. Coefficient of 

transmissibility. The rate of flow of water through a vertical strip of the 
aquifer 1 foot wide and extending the full saturated thickness under a hydraulic 
gradient of 100 percent (1 ft. per ft.). Expressed in gallons per day per foot. 
Also the arithmetical product of the coefficient of permeability and the satu 
rated thickness of an aquifer.

Vnconsolidated rocks. The surficial materials that overlie bedrock nearly every 
where in the river basin. Composed of discrete particles that range in size 
from clay to boulders.

Water loss. The difference between the average precipitation over a drainage 
basin and the water yield from the basin for a given period. It is assumed 
that over a sufficiently long period of time the water loss is equal to the aver 
age evapotranspiration.

Water table. The free upper surface of a zone in which openings in the rocks are 
fully saturated with water under hydrostatic pressure. In a well penetrating a 
water-table aquifer, the water stands at a level which represents the position 
of the water table at that place at a given time.

Water year. The annual period beginning October 1 and ending September 30. 
The water year is designated by the calendar year in which it ends.



WATER RESOURCES OF THE IPSWICH RIVER BASIN 
MASSACHUSETTS

By E. A. SAMMEL, J. A. BAKER, and E. A. BRACKLEY

ABSTRACT

Water resources of the Ipswich River basin are at present (1960) used prin 
cipally for municipal supply to about 379,000 persons in 16 towns and cities in or 
near the river basin. By the year 2000 municipal use of water in this region 
will probably be more than twice the current use, and subsidiary uses of water, 
especially for recreation, also will have increased greatly.

To meet the projected needs, annual pumpage of water from the Ipswich River 
could be increased from current maximums of about 12 mgd (million gallons a 
day) to about 45 mgd without reducing average base flows in the river, provided 
that the increased withdrawals would be restricted to periods of high streamflow. 
In addition, considerably more pumpage could be derived from streamflow by 
utilizing base-flow discharge; however, the magnitude of such use could be 
determined only in relation to factors such as concurrent ground-water use, the 
disposal of waste water, and the amount of streamflow required to dillute the 
pollution load to acceptable levels. Under present conditions, little or no increase 
in diversion of streamflow would be warranted in the upstream parts of the 
basin during the summer and early fall of each year, and only a moderate 
increase could be made in the lower reaches of the stream during the same period.

Annual rainfall in the basin averages about 42.5 inches, and represents the 
water initially available for use. Of this amount, an average of about 20.5 inches 
is returned to the atmosphere by evapotranspiration. The remainder, about 22 
inches, runs off as streamflow in the Ipswich River or is diverted from the basin 
by pumpage. The average annual stream runoff, amounting to about 47 billion 
gallons, is a measure of the water actually available for man's use. The amounts 
of water used by municipalities in recent years are less than 10 percent of the 
available supply.

Large supplies of ground water may be obtained under water-table conditions 
from the stratified glacial drift that forms the principal ground-water reservoir 
of the basin. Stratified drift deposits fill valleys in about 31 percent of the basin. 
Thicknesses of the deposits are generally less than 50 feet, but at places may be 
as great as 200 feet.

Between 1931 and 1960 recoverable annual recharge to stratified drift aquifers 
averaged about 10 inches, equal to 42 mgd. The least possible recharge during 
any of these years was probably more than 4% inches, or 25 mgd. Therefore, 
ground-water withdrawals from the basin could be sustained at a rate at least 
five times greater than the 1960 rate of 4.9 mgd. In the lower Ipswich basin, 
withdrawal of ground water could be sustained at a rate eight or nine times 
greater than the 1960 rate of 1.86 mgd. There are 1 or more favorable sites for
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further exploration for ground water in each of the 10 communities that occupy 
the major part of the river 'basin. Small but reliable supplies of ground water 
for domestic use may be withdrawn from bedrock almost anywhere in the basin.

Ground-water levels show no long-term trend since 1939, and although large 
fluctuations in water levels occur during each year, the ground-water reservoir 
at most places in the Ipswich River basin is replenished annually to its full 
capacity. During parts of most years potential recharge is unable to enter the 
already-saturated ground-water reservoirs, and most of this "rejected recharge" 
enters streams as surface runoff.

The chemical quality of both ground and surface water is generally satis 
factory for most uses, although excessive concentrations of iron and manganese 
occur locally, and at places the hardness of the water is objectionable.

The surface- and ground-water resources of the basin are closely related. 
Because most areas favorable for further development of ground water are 
adjacent to stream channels, large increases in the withdrawal of ground water 
during low-flow periods will result in reductions of streamflow. The magnitude 
of the effect will be strongly dependent on whether the ground water withdrawn 
is diverted from the basin, wasted to a stream from a central point, or returned 
to the ground at numerous points within the basin. Conversely, a reduction of 
streamflow by pumping directly from stream channels during low-flow periods 
may in turn reduce the amount of water available to wells adjacent to the 
channels. Such measures as swamp drainage, channel dredging, diversions of 
streamflow, or pumpage of ground water to divert potential base flow would tend 
to further reduce low streamflows, and could reduce ground-water withdrawals 
at downstream points.

INTRODUCTION

PURPOSE AND SCOPE OP THE INVESTIGATION

The Ipswich River basin, an area of 155 square miles in Middlesex 
and Essex Counties, is in a region which is undergoing rapid urbaniza 
tion (fig. 1). Communities in this area have absorbed, and will con 
tinue to absord, the burgeoning population of metropolitan Boston. 
The rapid growth of these communities has intensified old water prob 
lems and created new ones. Those responsible for planning and de 
velopment in the region are confronted not only by the recurring 
problem of where to get new supplies of water to meet increasing de 
mand, but also by the twofold problem of anticipating the effects of 
land-use changes upon water resources and of resolving conflicts of 
interest among users of the land and water resources.

In order to provide data upon which solutions to many of the water 
problems could be based, investigation of the water resources in the 
Ipswich Eiver basin was begun in 1955 by the U.S. Geological Survey 
in cooperation with the Massachusetts Department of Public Works. 
Specific objectives were (1) to determine the elements of geology and 
hydrology involved in a program proposed for drainage of wetlands in 
Wilmington, Reading, and North Reading, (2) to define the relation 
ship of surface and ground water to the Reading municipal water 
supply, (3) to analyze streamflow data from two gaging stations on
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FIGURE 1. Location of the Ipswich River basin.

the Ipswich River as a means of estimating base flow and determining 
the low-flow characteristics of the river, and (4) to decribe the geo- 
hydrologic conditions in the lower Ipswich River basin.

The investigation was carried out under the general direction of 
O. M. Hackett, former district geologist, Branch of Ground Water, 
U.S. Geological Survey. Assisting with the fieldwork during the sum 
mers of 1955-58 were Henry G. Healy, Gordon S. Bird, Joan Canza- 
nelli, John K. Colby, Richard J. Hecht, and Edward A. Sossen.

Analyses of ground water were made by the Branch of Quality of 
Water, Albany, N.Y., under the direction of Felix Pauszek. Analyses 
of rock materials for particle-size distribution and hydrologic prop 
erties were made in the hydrologic laboratory of the Branch of Ground 
Water, Denver, Colo., under the direction of A. I. Johnson.

Surface-water work in support of the investigation was performed 
by personnel of the Branch of Surface Water of the Geological Sur 
vey under the direction of C. E. Knox, District Engineer, Boston, 
Mass. Miscellaneous measurements of streamflow were made by R. A. 
Brackley, and interpretations of low-flow data were made by R. A. 
Brackley and C. E. Knox.

The Branch of Regional Geology in New England, U.S. Geo 
logical Survey, furnished preliminary surficial geologic maps of 
the Wilmington and Georgetown quadrangles by R. O. Castle and 
N. P. Cuppels, respectively, and the Reading and Salem quadrangles 
by R. N. Oldale. Surficial geology in the South Groveland quadrangle
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was mapped by H. G. Healy, Branch of Ground Water, and the Ips 
wich and Marblehead North quadrangles by the senior author. Seis 
mic data were obtained and interpreted by C. R. Tuttle of the Branch 
of Regional Geology in New England and by Weston Geophysical 
Engineers, Inc., Weston, Mass. Seismic reports by Weston Geophysi 
cal Engineers were made available through the courtesy of the Weston 
corporation, the Massachusetts Department of Public Works, and the 
towns of Danvers and Ipswich. The writers gratefully acknowledge 
the help of well owners, well drillers, consultants, and town and city 
officials.

PBEVIOUS INVESTIGATIONS AND REPORTS

Major geologic features of the Ipswich River basin are described in 
a report on the geology of Massachusetts and Rhode Island by Emer 
son (1917). The report includes a map showing the distribution of 
bedrock formations in the two States. Reports on the geology of 
Essex County by Sears (1905) and Clapp (1921) include geologic 
maps showing bedrock and some glacial features. A report by Chute 
and Nichols (1941) describes the geology of the coastline of north 
eastern Massachusetts, including the coastal section of the Ipswich 
River basin.

Two reports dealing with water resources are of general interest. 
The first, a report on land and water resources of the New England- 
New York region by the New England-New York Inter-Agency Com 
mittee (1955), contains a chapter on the Massachusetts Coastal Region. 
The second, by Crosby (1937), describes the occurrence of ground 
water in relation to buried valleys in northeastern Massachusetts.

Most of the basic ground-water data collected in the lower Ipswich 
River basin are available in a report by Samuel and Baker (1962). 
This report includes records of 733 wells or groups of wells and test 
holes, logs of 242 wells and test holes, chemical analyses of 21 water 
samples, periodic measurements of water levels in 36 wells, and pump- 
age of ground water for public supply in 5 municipalities. Basic data 
from the Wilmington-Reading area are available in a similar report by 
Baker and Sammel (1961). Both reports may be obtained from the 
office of the U.S. Geological Survey, Water Resources Division, 2300 
John Fitzgerald Kennedy Federal Building, Boston, Mass., 02203.

Stream discharges measured at two gaging stations on the Ipswich 
River are published by the U.S. Geological Survey in a continuing 
series of Water-Supply Papers entitled "Surface Water Supply of the 
United States."
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Detailed results of the investigation of ground-water conditions in 
the upstream portion of the drainage basin are given by Baker, Healy, 
andHackett (1964).

CLIMATE AND TOPOGRAPHY

The climate of the Ipswich River basin is typical of humid areas in 
the north-temperate latitudes. Temperature extremes in the basin 
are moderated by proximity to the ocean, and, on the other hand, ex 
tremes of precipitation are increased by the seasonal hurricanes that 
are common to the Atlantic coast.

Average annual precipitation for the period 1931-58 in the Ipswich 
River basin is 42.47 inches, as computed by the Thiessen method. The 
average is computed from records of precipitation obtained at stations 
in Beverly, Ipswich, Middleton, North Andover, Peabody, Reading, 
and Wilmington. From snowfall records at Ipswich, Middleton, and 
Haverhill it is estimated that an average of slightly more than 50 
inches of snow, an amount roughly equivalent to 5 inches of rainfall, 
falls in the basin annually. Thus an abundant supply of water is 
available in the basin each year, and, as is shown in figure 2, the pre 
cipitation is distributed with remarkable uniformity throughout the 
year. At Middleton, for example, the difference between average 
precipitation for February, the driest month (3.13 in.), and the aver 
age for November, the wettest month (3.93 in.), is slightly less than 
one inch. However, maximum monthly precipitation has amounted 
to more than four times the average values for some months of the 
year, mainly as the result of fall hurricanes and a few severe winter 
storms.

In spite of the nearly uniform distribution of precipitation through 
the year, there is a marked seasonal change in hydrologic conditions 
which is primarily due to the annual temperature cycle (fig. 2). Dur 
ing the annual rise and fall of temperature, the growing season for 
vegetation is the period between the last freezing temperatures in the 
spring and the first frost in the fall. During the growing season, which 
averages nearly 180 days between mid-April and mid-October, most 
precipitation is intercepted and evaporated by plants, and as a result 
little or no recharge reaches the deeper ground-water bodies. The 
hydrologic effects during this season are readily apparent in the de 
cline of ground-water levels and in drastic reductions of streamflow.

The topography of the Ipswich River basin, although highly irreg 
ular on a small scale, is sufficiently uniform to have little effect on 
temperatures and precipitation. The basin is in the seaboard lowland 
(Fenneman, 1938, p. 370-373), and is characterized by low rotmded
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PIGTJEE 2. Average monthly temperatures at Haverhill, and average monthly 
precipitation at Middleton.

hills surrounded by swamps. The summits of most hills lie below 
300 feet, although Mills Hill in North Andover and Holt Hill in 
Andover have altitudes of 405 and 420 feet respectively. The low 
lands, in which low mounds, ridges, terraces, and alluvial flats are in 
terspersed with swamps, range in altitude from sea level to about 140 
feet. Nearly one-fifth of the land surface is flooded during part of 
each year, and many of the largest lowland areas possess no clearly 
defined drainage pattern. Small ponds, and lakes, the largest of which 
is Wenham Lake in Wenham and Beverly, occupy numerous depres 
sions in the swampy lowland surfaces.

The Ipswich River, which descends only about 115 feet in its 35-mile 
course, flows for much of its length through the nearly level fresh 
water marshes. Tidal marshes border the river below a dam at
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Ipswich, and from this point to the sea, a distance of 3^ miles, the 
river is an estuary.

The effect of precipitation in the basin is modified by the differences 
in the permeability of the glacial till in the uplands and of the stratified 
drift and swamp deposits in the lowlands. Precipitation runs off 
rapidly from the semipermeable materials in the uplands and only 
a small part is recharged to the glacial till. In the lowlands vast 
quantities of precipitation infiltrate the permeable sediments and are 
stored and released slowly throughout the year, a condition making 
these areas not only the major sources of stream base flow but also 
the major ground-water reservoirs.

GEOLOGIC UNITS AND THEIR HYDROLOGIC 
CHARACTERISTICS

The Ipswich River basin is underlain by consolidated (bedrock) and 
unconsolidated rocks. (See table 1.) Bedrock consists of a variety of 
igneous and metamorphic rocks whose infiltration properties, storage 
capacities, and water yield are relatively uniform. For the purpose of 
this report bedrock is considered as a single geologic unit. The uncon 
solidated rocks are subdivided according to origin into seven geologic 
units which differ greatly in their hydrologic properties (table 2). 
Areal relationships of the surficial geologic units and locations of bed 
rock outcrops are shown in plate 1.
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10 WATEIR, IPSWICH RIVER BASIN, MASSACHUSETTS

BEDROCK 

DISTRIBUTION AND CHARACTERISTICS

The bedrock formations in the Ipswich Kiver basin consist of 
igneous and metamorphic rocks ranging in age from Precambrian to 
Triassic. These rocks have been described by Sears (1905), Emerson 
(1917), Clapp (1921), and LaForge (1932). As described by Emer 
son, the principal rock types are diorite, granite, gabbro, gneiss, and 
quartzite. Subordinate rock types include schist, syenite, diabase, 
and pegmatite. The rocks have been folded, fractured, and, at places, 
faulted; they show evidence of a northeast-southwest structural trend.

Bedrock is exposed principally on hills and ridges, but also crops 
out from place to place in the valleys and along the coastal marshes. 
Over most of the area, the irregular, knobby bedrock surface is mantled 
by unconsolidated deposits.

WATER IN THE BEDROCK

Ground water in the bedrock occurs chiefly in joints or fractures, 
which in general are narrow planar openings. Where the joints and 
fractures have been enlarged by weathering, the openings may be as 
much as several inches wide and spaced from less than an inch to as 
much as 4 feet apart. The joints intersect each other and therefore 
may be interconnected over a considerable area. They probably de 
crease in number and size with depth, however, and occupy only a 
small proportion of the total volume of the bedrock. As a result, the 
porosity, specific yield, and permeability of the bedrock generally 
are low.

The bedrock is a source of small but generally reliable supplies of 
ground water throughout the area. Because of its low porosity and 
correspondingly low storage capacity, it is of little importance as a 
reservoir; rather, the joints in the bedrock serve principally as con 
duits which transmit water from overlying materials to wells that 
intersect the joints. Wells intersecting these joints yield water at 
rates determined either by the permeability of the bedrock or by the 
permeability of overlying deposits, whichever is smaller. Some joints 
are isolated, and others are connected only to an exposed bedrock 
surface or to dry unconsolidated deposits. If a well were to pene 
trate only such joints, the water supply would fail whenever the small 
quantity of ground water stored by the joints was exhausted.

 Ground water in the bedrock commonly occurs under confined (ar 
tesian) conditions; and, as a result, water in most wells in bedrock rises 
above the depth at which it is first found. Ordinarily, the walls of 
the joints serve as the confining layers, but at some places imperme 
able unconsolidated deposits overlie the bedrock surface and act as con-
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fining layers. Less commonly, the water in bedrock occurs under 
unconfined (water-table) conditions in places where overlying mate 
rials are either absent or are very permeable.

At most places where observations could be made, water levels in 
wells in bedrock were higher than the bedrock surface. Depths to 
water are generally greater in wells on hills than in the valleys. The 
maximum depth to water, 153 feet, was measured in a well (North 
Andover 61) on the summit of Boston Hill, one of the highest points 
in the area.

The depth at which water is reached in a well in bedrock is no index 
to the depth at which a nearby well will reach water. The depth at 
which water is found in a well depends on where a water-bearing 
joint is first intersected. One well may intersect such a joint only a 
few feet below land surface, whereas a nearby well may be drilled 
to a depth of many feet before doing so.

Because of the great variety in size, spacing, and attitude of the 
joints, neither the depths nor the yields of wells in bedrock can be pre 
dicted accurately. However, most wells yield at least a few gallons 
per minute, enough for domestic use, at depths between 50 and 150 
feet. Data on depths to water, yields, and static water levels for wells 
in bedrock in the Ipswich River basin are summarized in figure 3.

Because of the low permeability of the bedrock, the specific capaci 
ties of wells are expected to 'be small. The reported specific capacities 
of three wells for which information is available are about 1, 0.1, and 
0.03 gpm (gallons per minute) per foot of drawdown. These figures 
are low compared with specific capacities of wells in unconsolidated 
deposits.

Bedrock is regarded in this report as a single geologic unit largely 
because the hydrologic properties of bedrock appear to be relatively 
uniform throughout the basin. However, the relationship of bedrock 
to runoff and evapotranspiration differs greatly from place to place, 
depending largely on the bedrock topography. In uplands of the basin 
in which bedrock is near to or exposed at the surface, the amount of 
ground-water storage per unit of surface area is minimum; and a 
large proportion of the potential recharge is rejected each year. The 
amount of direct runoff per unit of precipitation is probably at its 
maximum in these upland areas. Little is known about the rates at 
which water enters and leaves the bedrock anywhere in the Ipswich 
Eiver basin, but the evidence indicates that both recharge and dis 
charge occur at small and relatively uniform rates during most of 
the year. Annual changes in amounts of storage are probably small, 
and it is assumed that water fills nearly all the available storage 
volume in bedrock during most of each year.
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BEDROCK 13

BURIED VALLEYS

Former stream valleys deeply incised into bedrock have been traced 
through portions of the Wilmington-Reading area (Baker and others, 
1964). These valleys are now partly filled with stratified sediments 
which form a large part of the ground-water reservoir for the upper 
Ipswich River basin. In the basin above South Middleton, the ancient 
bedrock valley system coincides at places with the present drainage 
system of the Ipswich River. Altitudes of the bedrock surface com 
monly are 20-30 feet below sea level, and the bedrock valleys range 
from 200 feet to perhaps 2,000 feet in width. Depths to bedrock or 
refusal in wells, test borings, and seismic exploration are shown on the 
geologic map (pi. 1).

In the Ipswich River basin downstream from South Middleton, 
known depths to bedrock are too scattered to permit the continuous 
tracing of buried valleys. At a number of places the bedrock surface 
is many feet below sea level, and the pattern of these locations suggests 
that there is more than one preglacial valley crossing the present valley 
of the lower Ipswich River.

Some of the lowest known altitudes of bedrock surfaces in the lower 
Ipswich River basin are given in the following tables; the locations of 
the wells and seismic lines are shown in plates 1 and 2, respectively.

Wells and Test Bonngs

Well

Hamilton 100 _____
Ipswich 159. ______

183_. _____________
186-._____________

189_______________
303_______________

Topsfield 7-__ _-_.__
22_. ______________

Wenham 15

Location

Idlewood Brook at Ipswich River, Hamilton.
J^ mile southwest of Heartbreak Hill, Ips

wich.

Ipswich River east of Palmer State Park,
Ipswich. 

Miles River at Sagamore Road, Ipswich _
Eagle Hill River southeast of Eagle Hill,

Ipswich. 
Ipswich River at Rowley Bridge, Topsfield- _
Massachusetts Audubon Society reserva

tion, off Perkins Row, Topsfield.

Altitude of bed 
rock surface (ft 
below mean sea 

level)

15
>44

>40
37

40
72

28
45

36

Seismic Lines

Location

Ipswich River at Route 114, Middleton__ ___ - __--__ _ _ ___

Lowest bedrock 
altitude (ft below 
mean sea level)

70
65
40
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UNCONSOLIDATED DEPOSITS

Unconsolidated deposits in the lower Ipswich Eiver basin are com 
posed largely of debris remaining from the passage over the area of 
one or more ice sheets during the Pleistocene Epoch. In addition to 
the glacial drift (a general term for all deposits of glacial origin), 
there are minor amounts of wind laid deposits of Pleistocene age, and 
swamp deposits and alluvium of Recent age. The glacial drift in 
cludes deposits of till (ice-laid drift) and stratified drift (water-laid 
drift). The stratified drift is subidivided further, according to its 
environment of deposition, into ice-contact, outwash, and marine 
deposits.

Not all unconsolidated deposits in the Ipswich Eiver basin can be 
classified precisely. Locally, till and ice-contact deposits are inti 
mately associated and, in some places, are difficult to distinguish from 
one another. The youngest ice-contact deposits are transitional to the 
oldest outwash deposits, and the youngest outwash deposits grade into 
marine deposits and the alluvium. Nevertheless, at most places the 
unconsolidated deposits differ from each other in form, physical char 
acteristics, and water-bearing properties.

Ground water in the unconsolidated deposits occurs in intergranular 
openings (voids between the particles). The porosity of the rock 
materials depends principally on the shape and arrangement of the 
constituent particles and on the degree of sorting. The permeability 
depends on the size, shape, and interconnection of the openings. Fine 
grained materials, such as clay and silt, have many very small open 
ings, the total volume of which is large compared to the volume of 
rock. Nevertheless, the minuteness of the individual openings permits 
only slow rates of drainage, and these rocks have small permeabilities 
and specific yields. In contrast, coarse materials, such as sand, and 
gravel, have large well-connected openings; and even though the total 
volume of pore space is small relative to the volume of rock, the per 
meabilities and specific yields of sand and gravel commonly are large.

The areal distribution of unconsolidated deposits is shown on the 
geologic map (pi. 1); included with the map is a cross section indi 
cating typical subsurface relationships of the deposits. The wind 
deposits and alluvium, which are thin and superficial, are not sig 
nificant water-bearing units. They are not differentiated on the map 
but are included with the older deposits with which they are associ 
ated. Particle-size distribution determined in the laboratory for 
samples from five geologic units are included in table 3.
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TABLE 3. Particle-size analyses of geologic units in the Ipswich River basin

Geologic unit

Till.... ____________ . ..

Number 
of 

samples

4 
6 

42 
30

7

Sorting coefficient

Range

1. 4-1. 7 
1. 5-7. 1 
1.1-4.3 
1.3-4.3 
1. 4-7. 0

Median

(') 
2.8 
1.6 
2.0 
5.9

Number 
of 

samples

4 
10 
64 
24

7

Grain size (average percent 
by weight)

Gravel

0 
3 
4 

28 
14

Medium 
to very 
coarse 
sand

16 
10 
29 
33 
19

Very fine 
to fine 
sand

59 
13 
38 
31 
16

Silt 
and 
clay

25 
74 
29 

8 
51

Medians given only for five or more samples.

TILT*
DISTRIBUTION AND CHARACTERISTICS

Till overlies the bedrock surface nearly everywhere. It is exposed 
in nearly half the area of the Ipswich Eiver basin, principally on hills 
and ridges, and is buried by younger unconsolidated deposits in the 
valleys and along the flanks of many hills. The till is composed of 
soil and rock that was transported and spread over the land surface 
by ice of the Wisconsin glacial advance (Flint, 1953, p. 900-901). 
Till commonly forms a thin sheet called ground moraine, but it also 
forms a few streamlined elongate hills called drumlins.

Till ranges in thickness from less than 1 foot to at least 208 feet. 
The greatest known thickness of till, 208 feet, was recorded in the log 
of a well (North Andover 61) which penetrated the drumlin known as 
Boston Hill.

Till is characterized by a wide range of particle size, lack of strati 
fication, and little or no sorting. It is, for the most part, extremely 
dense and tough. The matrix of most till in the basin is fined grained 
and compact; it commonly contains more than 50 percent silt and 
clay (table 3). The compact till is massive in some places, but it 
has nearly horizontal closely spaced parting planes in other places. In 
many exposures of till the uppermost zone, ranging in thickness from 
a few inches to a few feet, is loose, distinctly sandy, and generally 
structureless. Cobbles and boulders are more numerous in the loose 
till than in the compact till. The relationship of the sandy till to the 
clayey till is not known with certainty, but it is tentatively concluded 
that both were deposited during one major ice advance and retreat.

HYDROLOGY OF THE TILL

Because of its poor sorting and extreme range of particle size, till has 
a low specific yield and permeability. These properties were deter 
mined in the laboratory for 8 undisturbed samples of till matrix which
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did not include cobbles and boulders; the coefficients of permeability 
and the specific yields are low, the median being 2 gallons per day 
per square foot (table 2). A mass of till in place however, would 
have a permeability lower than that of its matrix alone because the 
space occupied by cobbles and boulders represents a large volume of 
the mass through which no flow takes place.

Till is a source of small supplies of water in its outcrop area. In 
general, water in the till occurs under water-table conditions, although 
in a few places water may be confined in lenses or layers of saturated 
sand and gravel within the till mass. Owing to its small permeability, 
the till yields water slowly to wells.

Measured depths of wells in till are as much as 36 feet, but most wells 
are less than 20 feet deep. Seasonal water-level fluctuations are large, 
up to 17 feet, and many shallow wells reportedly go dry during the 
summer months. Deeper wells may yield sufficient water (probably 
on the order of a few gallons per minute) for domestic supplies the 
year round. No precise data are available on the yields and specific 
capacities of wells in till.

During late winter and early spring the upland till masses are 
nearly saturated, and the water table approaches or reaches the land 
surface. As a result, much of the precipitation on upland till areas 
runs off directly to streams or to land surfaces at lower elevations. 
Streamflow records for the Ipswich Kiver show that nearly all short- 
duration peak flows involving changes in flow rate of more than 100 
cfs (cubic feet per second) occur between mid-December and mid- 
April. Much of this peak discharge must be attributed to rapid runoff 
from the upland till areas. During the summer and early fall months, 
however, most of the precipitation that falls on till areas is retained 
in the soil zone and is subsequently lost to the basin through evapo- 
transpiration. Kecords of ground-water levels in till show that re 
charge largely ceases and storage is greatly depleted during the months 
from April to October of most years. Direct contributions from till 
areas to stream base flows are probably small, but ground-water dis 
charge from till undoubtedly helps to maintain ground-water levels 
in the low-level ice-contact and outwash deposits that lie between most 
till masses and the stream channels.

ICE-CONTACT DEPOSITS

DISTRIBUTION AND CHARACTERISTICS

Ice-contact deposits are masses of material that were deposited by 
melt-water streams in and near a wasting ice sheet. They represent 
a final phase of glaciation. At places in the Ipswich River basin, ice- 
contact deposits are partly or completely concealed by the overlap of
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adjacent marine or outwash deposits; at a few places in the coastal 
area, ice-contact deposits and marine deposits are interbedded, a fact 
suggesting that these units are in part contemporaneous and that the 
sea advanced across the coastal area while ice blocks were still present. 
Ice-contact deposits are exposed over about 19 percent of the basin.

Ice-contact deposits in the basin occur as kames, kame terraces, kame 
plains, kame deltas, and ice-channel fillings. Kames are knobby hills 
which are at places grouped to form kame fields. Kame terraces are 
the flat tops of materials deposited between hillsides and adjacent ice 
masses in the valleys. Kame plains, like kame terraces, have flat tops, 
but are bounded on nearly all sides by relatively steep slopes formed 
when the ice mass against which the materials were deposited melted. 
Kame deltas are flat-topped features deposited in bodies of water. 
Ice-channel fillings are linear or sinuous ridges with either flat or 
rounded tops. Many of these landf orms are marked by kettles which 
are depressions formed by the melting of buried or partly buried ice 
blocks.

The maximum known thickness of ice-contact deposits, 78 feet, was 
reported in the log of well Middleton 119, about half a mile northwest 
of Burleys Corner. In the vicinity of test hole Middleton 60, about a 
quarter of a mile southwest of Burleys Corner, the difference in alti 
tude between the bedrock, as determined by seismic methods, and the 
surface of the deposit suggests that the deposit may be as much as 160 
feet thick. The thickness of each deposit is partly determined by the 
topography of the underlying till or bedrock surface. Thus kame- 
terrace deposits, which are perched against valley walls, pinch out at 
the exposed contact with till or bedrock, generally thicken toward the 
center of the valley, and wedge out or thin appreciably where the ice- 
contact slope dips toward the bottom of the valley. Some kames and 
kame terraces are marked by protruding knobs of bedrock, and their 
greatest thicknesses ordinarily occur near ice-contact slopes farthest 
from the bedrock exposures.

Ice-contact deposits are characterized internally by abrupt changes 
in stratification, grain size, and structure. Bedding deformed by col 
lapse, faulting, or folding may be seen at some places. Where these 
characteristics cannot be examined, as in well cuttings, the ice-contact 
deposits generally cannot be identified with assurance.

The ice-contact deposits in the Ipswich River basin consist prin 
cipally of sand and gravel but include small amounts of silt and clay. 
The composition of 24 samples of ice-contact deposits analyzed in the 
laboratory averaged (by weight) 28 percent gravel, 33 percent medium 
to very coarse sand, 31 percent very fine to fine sand, and 8 percent silt 
and clay (table 3). The representativeness of the laboratory results
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is at least partially confirmed by data from drillers' logs. Eelative 
thicknesses of materials in four ranges of grain size were recorded 
from 439 logs of wells and test holes. The bar graphs in figure 4 give 
percentages of the four grain-size categories in test holes penetrating 
ice-contact, outwash, and marine deposits. Grain sizes described as 
"gravel" or "sand and gravel" predominate in the ice-contact deposits, 
and the remainder of the materials found were about equally divided 
between "sand" and "sand with some silt or clay." These data also 
confirm field observations which have stressed the heterogeneous 
nature of the ice-contact deposits.

Field observations of ice-contact deposits indicate that size-sorted 
materials occur in discontinuous layers. The contacts between ad 
jacent layers generally are sharp, and abrupt changes in grain size in 
both horizontal and vertical directions are common. Bedding is 
horizontal to steeply dipping, and some deposits are crossbedded. 
Some deposits, particularly kame deltas and some kame plains, show 
deltaic structure, with f oreset beds that are relatively fine grained and 
topset beds that are relatively course grained and poorly sorted. In
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general, the materials are not cemented, but hard layers consisting of 
either fine- or course-grained materials cemented with iron oxide 
occur from place to place.

The individual deposits may differ markedly from one another. At 
one extreme, commonly in ice-channel fillings and kames, the deposits 
are poorly sorted and poorly stratified and consist of particles of all 
sizes. They may contain small bodies of till. At the other extreme, 
the deposits are well stratified and moderately well sorted and the 
range of predominant particle sizes is small. Such deposits commonly 
form kame terraces and kame plains. A distinctive feature of many of 
the kame plains and terraces is a horizontal cap of gravel. This cap 
usually conceals sand, which makes up the bulk of the deposits.

HYDROLOGY OF THE ICE-CONTACT DEPOSITS

The predominance of sand and gravel suggests that, in general, the 
specific yield and permeability of the ice-contact deposits are medium 
to large. However, the wide variation in the composition and sorting 
of the individual deposits implies a similarly wide variation in the 
permeabilities. The coefficients of permeability for 13 samples of ice- 
contact deposits range from 1 to 8,900 gpd per sq ft (gallons per day, 
per square foot; table 2). These values probably do not represent the 
full range of values of permeability to be expected from ice-contact 
deposits but probably include the common range of values. As ex 
pected, the finer grained ice-contact deposits, represented by five undis 
turbed samples from three locations, had lower coefficients of per 
meability (from 24 to 990 gpd per sq ft) than the coarser grained 
ice-contact deposits, represented by six disturbed samples from six 
locations, which had coefficients of permeability ranging from 400 to 
8,900 gpd per sq ft.

The ice-contact deposits yield small to large quantities of ground 
water to wells. The reported yields of nine large-diameter gravel- 
packed wells range from 215 to 730 gpm and the yields of driven and 
dug wells range from 21/£ to 150 gpm. The median yield for all 
wells in ice-contact deposits is 39 gpm.

Wells in the more permeable ice-contact deposits are expected to have 
comparatively large specific capacities. The specific capacities of the 
few wells for which yield and drawdown data were available support 
this expectation. In 23 wells, which were pumped for periods ranging 
from 1 to 181 hours, specific capacities ranged from 3 to 125 and 
averaged 27 gpm per foot of drawdown. The median specific capacity, 
which probably is more representative than the average, was 18 gpm 
per foot of drawdown.

By means of a method developed by Theis and others (1954), coef 
ficients of transmissibility were estimated from the specific capacities
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of 15 wells for which sufficient data were available. Estimated coeffi 
cients of transmissibility for 15 ice-contact aquifers range from 8,000 to 
74,000 gpd per ft. The median is 30,000 gpd per ft. Uncertainties 
regarding storage coefficients and well characteristics make these esti 
mates somewhat unreliable as measures of specific aquifers, but the 
range of values is probably a conservative estimate of the transmissi- 
bilities that are most common in the basin.

Depths to the water table in wells penetrating ice-contact deposits 
are as much as 35 feet below land surface, but the average depth is less 
than 10 feet. The annual range of seasonal fluctuations of water levels 
in ice-contact deposits is small normally less than 5 feet. Data on 
depths, yields, and static water levels in wells in ice-contact deposits 
are summarized in figure 3.

OUTWASH DEPOSITS

DISTRIBUTION AND CHARACTERISTICS

Outwash deposits were formed by glacial meltwater streams, often 
contemporaneously with the ice-contact deposits. However, the out- 
wash materials were transported into valleys and lowlands, usually 
beyond the terminus of the glacier. Outwash deposits underlie low 
terraces and swamps of about 12 percent of the Ipswich River basin. 
They are especially extensive along the headwater streams of the 
Ipswich Eiver system in Wilmington, in Cedar Swamp in Eeading, 
in the valleys of Fish and Pye Brooks in the north-central part of 
the basin, and in the area north of Wenham Lake in the southeastern 
parjt of the basin (pi. 1). Outwash deposits also occur as scattered 
patches in the swamps, along the margins of many swamps, and along 
the streams. The deposits form broad, gently sloping sand plains, 
such as the one in the valley of Fish Brook northeast of Topsfield, 
or form gently sloping terraces of small areal extent. In general, 
outwash deposits overlie bedrock or older unconsolidated deposits, 
although in the coastal area outwash and near-shore marine deposits 
are intimately associated and are in part contemporaneous.

The thicknesses of outwash deposits range from less than 1 foot to 
about 200 feet. The greatest measured thickness, 102 feet, was re 
ported in the log of well North Eeading 131, but seismic traverses 
described in the Wilmington-Eeading report suggest that elsewhere 
the thickness may be at least 200 feet.

Outwash deposits consist principally of sand but include silt, clay, 
and some gravel. The average composition of 64 samples of outwash 
deposits analyzed in the laboratory is 4 percent gravel, 29 percent 
medium to very coarse sand, 38 percent very fine to fine sand, and 29 
percent silt and clay (table 3). The data of figure 5 support the
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conclusion drawn from field evidence that outwash deposits are finer 
textured than ice-contact deposits but coarser textured than marine 
deposits.

HYDROLOGY OF THE OUTWASH DEPOSITS

The specific yields of 30 samples of outwash deposits collected at 
22 locations in the Ipswich Kiver basin range from 20 to 48 percent; 
the average is 37 percent and the median is 38 percent (table 2). These 
samples probably have the common range of values in the Ipswich 
basin.

Analysis of grain-size distributions in samples from outwash deposits 
suggests that the permeabilities, although generally low, may range 
from very low to medium. The coefficients of permeability of the 30 
samples mentioned above range from 0.03 to 850 gpd per sq ft; the 
average is 188 gpd per sq ft, and the median is 66 gpd per sq ft (table 
2). These figures do not represent the full range of values of perme 
ability to be expected from outwash deposits, but probably include the 
common range of values.

Outwash deposits store large amounts of ground water which they 
transmit slowly. In some places outwash deposits provide supple 
mentary storage for adjacent or subjacent ice-contact deposits, and 
throughout the basin they furnish a large share of the base flow of 
streams. Outwash deposits are sufficiently permeable at some places 
to yield small to moderate quantities of water to wells.

At most places outwash deposits will probably produce enough 
water for domestic use, and it is possible that groups of carefully 
constructed and developed wells, properly dispersed in the areas of 
coarser grained deposits, could yield enough water for commercial or 
industrial use. The largest reported yield of wells penetrating out- 
wash deposits, 700 gpm, is from a large-diameter gravel-packed well 
developed for municipal supply in Peabody.

Data on drawdown versus yield are available for only six wells. 
The specific capacities of these wells are 8, 9, 10, 11, 15, and 33 gpm 
per foot of drawndown. Estimates of aquifer transmissibilities based 
on the specific capacities range from 8,000 to 44,000 gpd per ft.

Depths to the water table in outwash deposits are similar to those 
measured in ice-contact deposits, the average depth being less than 10 
feet below land surface. The range of seasonal fluctuations of water 
levels in outwash deposits is small, normally less than 5 feet. Data on 
depths, yields, and static water levels in outwash deposits are sum 
marized in figure 3.

Both outwash and ice-contact deposits are known to underlie much 
of the area covered by swamp deposits. Together, these deposits afford 
maximum opportunity for recharge and recovery of ground water in
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the basin. Areas underlain by these deposits contribute least to direct 
surface runoff and short-duration peak streamflows. Outwash de 
posits discharge ground water slowly and contribute appreciably to 
the annual base flow of the streams, but ice-contact deposits, because of 
their greater permeability and their generally higher topographic 
positions, drain rapidly and contribute little to base flow during low- 
flow periods.

MARINE DEPOSITS

DISTRIBUTION AND CHARACTERISTICS

Marine deposits underlie lowlands in the coastal area and in the 
valleys of the Ipswich River and its tributaries for a distance of about 
8 miles inland from the present coastline. They were deposited dur 
ing a rise of sea level which accompanied the wastage and retreat of 
the last Pleistocene ice sheet. At places, the marine deposits form thin 
layers over till and bedrock at altitudes as much as 90 feet above pres 
ent sea level. Marine deposits are exposed in about 5 percent of the 
Ipswich River basin.

The marine deposits commonly overlie bedrock, till, and ice-contact 
deposits, and are overlain at places by outwash deposits. The con 
tact between marine deposits and underlying unconsolidated deposits 
commonly is sharp, although at some places material from the under 
lying deposits may be mixed with the marine deposits, and at places, 
marine deposits are interbedded with ice-contact or outwash deposits. 
The thickness of marine deposits ranges from less than 1 foot to as 
much as 77 feet as reported in the log of well Ipswich 303.

The marine deposits consist principally of clay and silt, but they 
include small amounts of sand and, locally, some gravel. Ten samples 
of marine deposits average 39 percent clay, 35 percent silt, 13 percent 
very fine and fine sand, 10 percent medium to very coarse sand, and 
3 percent gravel (table 3). Data from drillers' logs (fig. 4) also sup 
port the conclusion that the marine deposits are composed of pre 
dominantly fine-grained materials. At many places a well-sorted 
medium quartz sand overlies the clay and silt, and locally a well-washed 
gravel is associated with the sand. The sand and gravel strata, which 
probably indicate near-shore marine deposition, are as much as 40 
feet thick. Near the base of the marine deposits, thin layers of clay 
and silt commonly alternate with relatively thick layers of sand, and at 
many places a sharply defined layer of gravel underlies the silty clay 
and sand. In at least one location, deltaic sand and gravel are inter- 
stratified with clay and silt. Inland, the upper sand and gravel strata 
appear to merge with low-level outwash deposits.

Where fine-grained marine deposits occur in thick strata the de 
posits are commonly found to have two distinct zones: an upper zone
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of light-brown to olive-brown clay and silt, and a lower zone of light- 
gray to blue-gray clay and silt. The upper zone is generally hard and 
dry, and it is characterized by closely spaced blocky fractures. Dark 
staining, which is probably a deposit of manganese and iron, occurs in 
the fissures. Both zones have nongraded laminations, although the 
laminations are more easily seen in the hard, dry upper zone. Both 
zones contain lenses and strata of fine sand, some of which are con 
voluted. The contact between the two zones was examined in several 
exposures. In these exposures the upper dry brown silty clay grades 
downward into saturated gray plastic silty clay of a transition zone 
which ranges from a few inches to 4 feet in thickness. Where roots of 
vegetation penetrate the transition zone or the lower zone, the material 
surrounding the roots most commonly resembles the material of the 
upper zone. It is assumed, therefore, that the clays and silts were 
deposited in a continuous sequence and that the upper zone is a zone 
of leaching and weathering.

HYDROLOGY OF THE MARINE DEPOSITS

Because of the small average grain size in the marine deposits, the 
specific yield is small even though the porosity is large. The porosity 
of 3 samples of silty clay collected in the lower Ipswich River basin 
ranges from 42 to 55 percent (table 2). The specific yield of the same 
samples ranges from 3 to 44 percent. These few samples undoubtedly 
do not represent the full range of possible values, but the samples are 
considered to be sufficiently representative to indicate the magnitudes 
to be expected generally.

Coefficients of permeability of 6 samples of marine deposits range 
from 0.0008 to 1,400 gpd per sq ft. The highest value is for an un 
disturbed sample of sand and very fine gravel. The sample was ori- 
onted horizontally, parallel to the bedding, and it is probable that the 
]>ermeability of the deposit in a vertical direction is significantly less 
than the horizontal permeability. The range of permeabilities found 
for the six samples tested probably represents the range to be expected 
generally in the marine deposits.

Few of the wells in the lower Ipswich River basin obtain water 
from the marine deposits, and in most places the unit cannot be con 
sidered an aquifer. However, the marine deposits may yield small 
to moderate amounts of water in areas where the deposits contain 
relatively large amounts of sand and gravel. For example, several 
wells adjacent to the Miles River in Hamilton obtain supplies of water 
from strata in or associated with the marine unit.

Typically, however, the fine-grained marine deposits act as a barrier 
to the downward movement of water from the land surface, and at 
places they confine water in underlying coarse-grained deposits. At
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least three flowing wells in the coastal area Wenham 35, Hamilton 
31, and Hamilton 77 demonstrate the existence of artesian pressures 
in deposits underlying the marine unit. Two other wells, Ipswich 41 
and 331, each driven through marine clay on the edge of a salt marsh, 
produce potable water from aquifers below sea level. The data from 
these and other wells suggest that salt water may be sealed out of 
some aquifers by marine deposits. Some wells in apparently similar 
environments, Ipswich 47 for example, produce brackish water. At 
these wells it is evident that the marine deposits do not form an effec 
tive confining layer. The available data on depths, yields, and water 
levels in wells penetrating marine deposits are summarized in figure 3.

SWAMP DEPOSITS

DISTRIBUTION AND CHARACTERISTICS

Swamp deposits, including those of both fresh- and salt-water 
marshes, are exposed in about 17 percent of the Ipswich River basin. 
They are widespread along the floors of the valleys, in tidal flats 
along the seacoast, and in scattered small depressions in the uplands. 
They commonly overlie outwash in the lowlands and till or bedrock in 
the uplands. Wenham Swamp, the largest fresh-water swamp in 
the area, occupies about 3 square miles in western Hamilton and 
Wenham.

The swamp deposits range in thickness from less than 1 foot to at 
least 55 feet. The maximum known thickness, 55 feet, is reported in 
the log of test boring Wilmington 252, in the valley of Martins Brook. 
The deposits in the uplands are commonly thinner than those in the 
lowlands.

The swamp deposits consist of brown peat and muck interbedded 
or mixed in some places with sand or silt. The peat is a spongy, fibrous 
mass of slightly decomposed plant remains. The muck, generally 
dark brown or black, is a fine-textured nonfibrous mass of greatly 
decomposed plant remains. The sand and silt were probably de 
posited during recurrent flooding of the swamps and marshes.

HYDROLOGY OF THE SWAMP DEPOSITS

Hydrologic properties were determined in the laboratory for 10 
samples of swamp deposits (table 2) which were collected at five 
locations. Porosities range from 55 to 92 percent; specific yields 
range from 42 to 86 percent; and permeabilities range from 0.2 to 
1,960 gpd per sq ft. The smallest values of permeability were ob 
tained for samples of muck, but the smallest values of specific yield 
were for peat. The 10 samples for which permeability was de 
termined were paired; each pair consisted of one sample oriented in a 
horizontal plane and the other sample oriented in a vertical plane.
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For muck, there was no significant difference in the horizontal and ver 
tical permeabilities, but for peat the vertical permeability was notably 
smaller than the horizontal permeability. These data suggest that the 
swamp deposits as a unit are relatively impermeable in the vertical 
direction.

Swamp deposits do not yield water to wells but they may have an 
important influence on ground-water recharge and discharge. The 
low vertical permeabilities of swamp deposits suggest that these de 
posits retard the movement of water between the surfaces of the 
swamps and the more permeable outwash deposits that underlie the 
swamp deposits in most of the area. Field observations indicate that 
at some places water may at times be perched on or within the swamp 
deposits, or confined under artesian pressure in the materials beneath 
the swamp deposits. The effect of confinement at one location is 
illustrated by hydrographs from a pair of observation wells 10 feet 
apart in the Wilmington-Reading area (fig. 5). During the period 
of record the water level in the deeper well (Wilmington 447), which 
penetrated outwash deposits, remained higher than the water level in 
the shallower well (Wilmington 448), which penetrated only the 
swamp deposits overlying the outwash. The higher water levels in the 
deep well indicate that water in the underlying outwash deposits 
is under greater than hydrostatic pressure and, therefore, is confined 
by the overlying swamp deposits- The hydrographs also show that 
seasonal fluctuations of water levels in this swamp are very small 
and that the water table is at or near the land surface all year. Water 
levels measured in other swamps have shown a greater range of 
fluctuations than those cited here, but in general, water levels remain 
within a feT, feet of the swamp surfaces during most years.

Jan Feb Mar Apr May June July Aug Sept OctJuly Aug Sept Oct Nov Dec

FIGURE 5. Water levels in two wells 10 feet apart in a swamp off Glen Road, 
Wilmington. Wilmington 447 was finished in outwash deposits heneath 
swamp deposits. Wilmington 448 was finished in swamp deposits.
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The influence of swamp deposits on the hydrology of the basin is 
greater than their relative volume would indicate. The hydrologic 
effects of the swamp deposits are principally due to the following 
factors: Porosities as great as 92 percent in the deposits permit large 
volumes of storage; low altitudes and level topography allow maxi 
mum opportunity for retention of water; dense vegetation and free 
water surfaces afford maximum opportunity for evapotranspiration; 
the proximity of most swamp areas to stream channels, permits the 
ponding of streamflow during flood stages; and the slow release of 
ponded water reduces peak discharges and increases base runoff in 
the streams.

Quantitative data regarding swamp deposits are generally not avail 
able. For example, the amount of water lost to the basin each year 
by evapotranspiration from swamps is unknown, although it is as 
sumed that the rate of evapotranspiration from swamp areas is con 
siderably greater than the average rate (about 20.5 in. per yr) com 
puted for the entire basin. The amount of water stored in swamp 
deposits is also unknown because of the sparseness of subsurface 
data in swamp areas. The amount of water ponded on swamp sur 
faces at a given time is a third unknown which, however, is more easily 
estimated than the first two. Observations indicate that early in April 
of most years there may be an average of 1 foot of ponded water on 
the fresh-water swamps. The water thus ponded amounts to about 
41/2 billion gallons.

Most of the water ponded on the swamps drains into stream channels 
during a fairly short period in the late spring. If runoff is assumed 
to occur over a 2-month period, 1 foot of ponded water on swamps 
would add about 75 mgd (million gallons per day) to streamflow 
measured at the gaging station near Ipswich. If, during the subse 
quent 2-month period, a 1-foot thickness of swamp deposits with a 
specific yield of 50 percent were dewatered, and evapotranspiration 
accounted for an estimated two-thirds of the water, the contribution 
to streamflow could be an additional 12 mgd.

Eecharge of ground water from swamp deposits to underlying strati 
fied drift is undoubtedly an important function, or potential function 
of swamp areas. However, the magnitude of existing or potential 
recharge cannot now be estimated, owing to the lack of knowledge of 
vertical permeabilities in swamp materials especially the perme 
ability of the layer of silty muck that apparently lies at the base of 
most swamp deposits.

In summary, the swamp systems in the Ipswich River basin func 
tion as huge storage reservoirs which reduce peak storm runoff 
by temporarily impounding large volumes of water that otherwise
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would leave the basin quickly, and which provide large volumes of 
potential recharge for the aquifers. At the same time these storage 
areas allow the loss of large volumes of water through evapotranspira- 
tion. It is apparent, therefore, that optimum development of water 
resources in the Ipswich River basin will require a greater quantitative 
knowledge than is now available on the functions of swamps in the 
hydrologic system.

WIND DEPOSITS

Wind deposits of late Pleistocene and early Recent age form a thin 
discontinuous mantle on bedrock and glacial drift throughout the area 
and occur as poorly formed dunes at a few places, particularly along 
the seacoast. These deposits consist chiefly of fine sand and silt 
apparently derived from drift and deposited by the wind as the last 
ice sheet disappeared. They are characterized by excellent sorting 
(table 3), scattered ventifacts, and a lack of stratification. The aver 
age thickness of wind deposits in the Ipswich River basin is about 2 
feet and the maximum thickness probably is no more than 5 feet.

Throughout most of the lower Ipswich River basin the Wind 
deposits lie above the water table and are not a source of ground water. 
However, they are sufficiently permeable to permit water to percolate 
freely from the surface to the underlying deposits. The wind deposits 
were sampled at two sites. Coefficients of permeability ranged from 
220 to 250 gpd per sq ft in four samples (table 2).

Wind deposits are not shown on the geologic map.

ALLUVIUM

A thin layer of alluvium occurs along the streams of the area. It 
rests on the older geologic units traversed by the streams, and in many 
places it is interbedded or mixed with swamp deposits.

The alluvium consists principally of sand and silt, but at places in 
some of the stream channels gravel predominates. The alluvium 'is 
generally similar in physical characteristics and water-bearing proper 
ties to the outwash. It does not form a distinct water-bearing unit 
and, therefore, is not differentiated on the geologic map.

BEACH AND DUNE DEPOSITS

Beach and dune sand of Recent origin have been mapped in the river 
basin at only two places, Little Neck and Castle Hill in Ipswich (pi. 
1). Fresh water exists in these deposits as shallow lenses over the 
saline water from the estuary. At Castle Hill, fresh water from the 
beach sand was reportedly used at one time for domestic supply. The 
amount of water available from this source is extremely small, how 
ever, and the beach deposits are not a significant water-bearing unit 
in the Ipswich River basin.
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HYDROLOGY 

ORIGIN AND MOVEMENT OF WATER

The source of water supply in the Ipswich Eiver basin is the precipi 
tation, averaging 42 inches a year, that falls within the basin bound 
aries. About half the precipitation is returned to the atmosphere by 
evapotranspiration, and the remainder leaves the basin as streamflow 
or is diverted from the basin by pumpage for municipal supply. The 
amount of runoff (including diversions) is a measure of the amount of 
water available for man's use.

Water that enters the basin as precipitation is disposed of in a 
number of ways. A small amount of water evaporates almost immedi 
ately from the land surface or from vegetation, a somewhat larger 
amount flows over the land surface directly into the stream channels 
which drain the basin, and by far the largest amount infiltrates the 
soil in the area on which it falls.

Water in the soil zone is available for use in plant growth, and dur 
ing the growing season most water that infiltrates the soil is inter 
cepted and transpired by vegetation. It is during the growing season, 
therefore, that most of the annual evapotranspiration occurs. During 
the remainder of the year, most of the water that enters the soil zone 
percolates downward through porous materials to the water table.

Ground water in the saturated zone beneath the water table is com 
monly thought of as being in storage, but the storage is temporary, 
and in the Ipswich Eiver basin, the time of storage is relatively short. 
Water in the saturated zone percolates through the porous material, 
moving continuously in the direction of the hydraulic gradient, and is 
eventually discharged from the aquifer. Because hydraulic gradients 
are generally steep in the Ipswich Eiver basin and geomorphic fea 
tures are small, most natural ground-water discharge probably occurs 
in periods of time ranging from several days (in some ice-contact 
deposits) to several years (in large till masses).

Ground water is discharged from storage in several ways. The 
chief form of natural discharge is the flow of ground water to streams; 
this flow sustains streamflow during periods of no overland runoff. 
Natural discharge also occurs when water in the saturated zone 
reenters the unsaturated zone of soil moisture and is again available 
for evaporation or transpiration. In addition, natural discharge 
occurs at the many places in the basin where the water table intersects 
the land surface to form ponds, springs, and seeps. Artificial dis 
charge occurs where ground water is pumped or flows from wells 
under artesian pressure or where artificial drainage channels intersect 
the water table.
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GROUND WATER 

RECHARGE

Throughout the year only a part of the total precipitation falls on 
areas that allow a significant amount of recharge to the ground-water 
reservoir. In outcrop areas of till and bedrock the quantity of 
recharge per unit area is small owing to the low permeability and 
storage capacity of till and bedrock and to the relatively steep slopes 
of the land surface. The principal recharge areas in the Ipswich 
basin are the outcrop areas of outwash, ice-contact deposits, and pos 
sibly swamp deposits. Outwash and ice-contact deposits are suffi 
ciently permeable to allow rapid infiltration, and at most places and 
times they have enough storage capacity to accept all potential 
recharge. Typically, these deposits underlie terraces and plains whose 
moderate slopes and flat tops retard runoff and afford maximum 
opportunity for infiltration.

The flat, poorly drained swamp surfaces afford maximum recharge 
potential. In addition to direct precipitation, these surfaces collect 
runoff from adjacent higher land and are flooded by the overflow of 
streams during part of the recharge season each year. In spite of 
their favorable topographic location, the lowland swamps are of 
uncertain significance as intake areas. As noted earlier, the swamp 
deposits have vertical permeabilities sufficiently small to impede the 
movement of water from the surfaces of the swamps to the underlying 
outwash deposits. Nevertheless, although recharge is undoubtedly 
retarded, even very slow leakage from the swamp deposits would 
contribute an appreciable volume of recharge over the 26 square miles 
of fresh-water swampland in the Ipswich Eiver basin.

During most of the recharge season and the early part of the grow 
ing season (October to May), the water table is at or near the swamp 
surfaces. Because the underlying deposits normally are fully satu 
rated at this time, they can store no additional water, and potential 
recharge is rejected. Late in the growing season many of the swamp 
surfaces are dry, and the outwash deposits underlying the swamp 
deposits may not be fully saturated. Flooding seldom occurs at this 
time of the year, and most precipitation is retained by the swamp 
deposits. Maximum recharge probably occurs as the result of pre 
cipitation and flooding at the beginning of the recharge season 
(October to December).

A small amount of recharge enters aquifers by infiltration from 
streams. In the Ipswich basin recharge of this kind probably occurs 
naturally only during bankfull or flood stages of the streams. At 
some places, however, recharge is artificially induced from streams by 
the withdrawal of water from nearby wells. For example, recharge
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is induced from time to time at the Beading municipal well field 
(Baker and others, 1964, p. 125-150). In the lower Ipswich Eiver 
basin conditions similar to those at the Reading well field may exist 
at the site of one or more of the Danvers-Middleton municipal supply 
wells near the Ipswich River.

DISCHARGE

NATURAL DISCHARGE

Most ground water in the Ipswich basin is discharged by evapo- 
transpiration or by seepage to ponds, springs, swamps and streams. 
Discharge of ground water by transpiration occurs where the roots 
of plants penetrate the water table or the capillary fringe above the 
water table. Evaporation of ground water occurs where the capillary 
fringe or the water table is at or near the land surface. Swamps are 
the principal areas in which ground water is discharged by both 
evaporation and transpiration.

The quantity of water discharged from springs is small. During 
the recharge period, particularly in the early spring, many small 
seepage springs are formed in low places, and at points of contact 
between bedrock and overlying unconsolidated deposits. Small frac 
ture springs in the bedrock are especially noticeable along roadcuts 
during the winter.

Ground water is discharged to the Ipswich River and its tributaries 
throughout the year. The surfaces of the streams normally act as 
base levels for ground-water flow, and changes in the altitudes of 
stream surfaces affect the discharge of ground water. A rise in stream 
stage will decrease the hydraulic gradient of the ground-water flow 
and will thereby decrease the rate of ground-water discharge. Con 
versely, the lowering of a stream level will tend to increase the rate 
of ground-water discharge. For example, the artificial raising of 
stream stages by a dam, such as that on the Ipswich River above 
Ipswich, decreases the rate of ground-water discharge, whereas a 
deepening of stream channels, such as that proposed for the Wilming- 
ton-Reading area, would serve to increase ground-water discharge. 
At the present time, however, changes in stream stages introduced by 
manmade structures probably have relatively little influence on 
ground-water flow.

Ground-water discharge to the Ipswich River and its tributaries is 
the principal source of base flow in the streams. An unknown amount 
of water also is contributed to base flow by runoff from swamp surfaces 
during much of the year. However, during low-flow periods of late 
summer and early fall, most of the surface water has drained from the
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swamps, and streamflow is sustained almost entirely by discharge of 
ground water from storage.

In contrast to recharge, which takes place intermittently, discharge 
takes place continuously both as evapotranspiration and ground-water 
runoff. During the winter and early spring when the rate of ground- 
water evapotranspiration is low, the rate of ground-water runoff is 
large. Conversely, during the growing season when the rate of 
ground-water runoff is low, the rate of ground-water evapotranspira 
tion is large. These opposing influences tend to balance, making the 
rate of ground-water discharge much more constant than the rate of 
surface-water runoff.

ARTIFICIAL DISCHARGE

In the Ipswich River basin most artificial discharge of ground water 
occurs from wells. The nature and amount of such discharge is de 
scribed in the section on ground-water use. Ground water is also 
discharged by effluent seepage to artificial drains. Artificial drain 
age in the area consists mostly of ditches on farms and underdrains 
in housing developments; the amount of ground water discharged 
thereby is probably small.

STORAGE

Ground water is only one of the elements of a complex hydrologic 
system. The three components of the system discussed in this re 
port precipitation, surface water, and ground water are entirely in 
terdependent, and the exact relationships among these elements are 
often obscure. Nevertheless, the functioning of the hydrologic system 
produces certain effects that are easily measurable and serve as useful 
indicators of the state of the system. Measured changes in stream 
stages, for example, are an index to changes in the rate of discharge of 
surface water from a basin. Similarly, changes in water levels in 
wells provide an index to changes in ground-water storage within a 
basin. Seasonal and annual variations of these two indexes provide 
much information about changes in the total hydrologic environment.

Fluctuations in ground-water levels result from changes in the ratio 
of recharge to discharge within an aquifer. A rise in the ground- 
water level reflects a net recharge and an increase in the amount of 
ground water in storage; conversely, a decline in water level reflects 
net discharge and a decrease in the amount of ground water in storage.

Hydrographs of representative wells in the Ipswich basin (fig. 6) 
demonstrate that water-level fluctuations in this region are cyclic. 
The dominant cycle is an annual one in which the periods of high- and 
low-water levels recur at nearly the same times each year. It is ap 
parent from the graph of monthly precipitation at a typical station 
(fig. 2) that the small cyclic fluctuation in precipitation during an
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average year cannot account for the amplitude of the annual water- 
level cycle. On the other hand, the water-level cycle correlates well 
with the annual temperature cycle and with the annual cycle of vegeta 
tion growth that corresponds to the temperature cycle.

Superimposed on the seasonal trends of the water table are fluctua 
tions which occur in response to many local variations in the rate and 
amount of recharge and discharge. The manner in which the water 
level in a well responded to changes in recharge and discharge during 
the month of March 1959 is illustrated in figure 1. Although the over 
all trend of the water level in this well was upward during the month, 
the short-term fluctuations occurred as a result of the interaction of 
several variables, among which were temperature, the amount of pre 
cipitation as snow, and the amount of precipitation as rain. During 
this month, water levels were highly dependent upon temperature vari 
ations because freezing and thawing in the upper soil zone alternately 
held back recharge or allowed water to reach the water table from 
snowmelt and thawing ground.
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FIGURE 7. Ground-water-level fluctuations, precipitation, and temperature 
during a period of alternate freezing and thawing.

Water levels in several wells in the Ipswich Elver basin have been 
measured at intervals since 1939. Records of ground-water levels in 
nine wells Ipswich 1 and 2, Eeading 1, Topsfield 1, and Wilmington 
10, 29, 56, 58, and 78 have been published in water-level reports of 
the U.S. Geological Survey. The records are published by the U.S. 
Geological Survey (1939-57), beginning with Water-Supply Paper 
886 and continuing annually through 1957; subsequent reports in this 
series are published at 5-year intervals. The water-level records show 
that, although large fluctuations occur from year to year, no long-term
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trend of water levels is perceptible during the period of record (fig. 6). 
However, as is shown by the cumulative-departure curves of figure 6, 
long-term trends or cycles do appear in precipitation records. Annual 
precipitation in the basin shows a marked decline during the period 
1905-50 and an upward trend beginning after 1950. The absence of a 
long-term downward trend in water levels indicates that the ground- 
water body in the Ipswich River basin is fully replenished at frequent 
intervals. Consequently, during parts of most years more water is 
available for recharge than can be retained in ground-water storage. 
Most of this "rejected recharge" enters streams as surface runoff and 
is not stored in the basin.

USE 

METHODS OF RECOVERY

Ground water in the Ipswich River basin is recovered for use from 
wells, springs, and small ponds. Most of the ground-water supplies 
are pumped from wells, and a relatively few supplies, mostly for do 
mestic use, are derived from springs. A few farm ponds, small enough 
to be considered ground-water rather than surface-water supplies are 
used for watering stock or for storage of water for emergency supply.

WELLS

Wells in the Ipswich River basin are classified according to their 
manner of emplacement. The major types of wells in this classifica 
tion are dug, driven, and drilled wells. Descriptions of these types 
of wells and their methods of emplacement are available in many tech 
nical and nontechnical publications. (See, for example, Department 
of the Army, 1957, p. 4-194.)

Most of the wells used for domestic and public supply prior to 1900 
were dug wells; comparatively few of these are still in use. The 
hazard of inadequate supply and the danger of contamination have 
resulted in the disuse of these wells except as auxiliary sources of do 
mestic supply. Depths of dug wells in the basin range from a few 
feet to 37 feet, but most dug wells are less than 20 feet deep. Re 
ported yields of 20 dug wells range from 2*/£ to 70 gpm.

The use of driven wells is restricted almost entirely to areas under 
lain by stratified deposits. Several reasons account for this. Pipe 
can be driven through compact till only with extreme difficulty; the 
necessarily small diameter of driven wells means that the screen area 
through which water can enter the well is also small prohibitively so 
for a well in relatively impermeable till; and finally, little storage 
space is available in the well itself which could make water available 
during a period in which the pumping rate exceeds the rate of infiltra 
tion into the well.
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Driven wells are widely used throughout the basin to provide small 
to medium supplies of water for domestic use, and many towns within 
the basin derive at least part of their municipal supply from driven 
wells. In a typical municipal installation, 20 or 30 such wells are 
pumped by means of a common suction line from a central pump. In 
recent years, however, the tendency has been to replace or supplement 
these gangs of driven wells with a gravel-packed well which may yield 
as much as many driven wells.

Most driven wells are between 10 and 45 feet deep. Reported yields 
of 145 driven wells in the Ipswich basin range from 3 to 150 gpm. 
The average yield is 47 gpm, and the median yield is 40 gpm.

Depths of most wells drilled into bedrock of the basin range from 
about 20 to 250 feet. The median depth of 112 bedrock wells is about 
102 feet and the average depth is 124 feet. The maximum reported 
depth is 750 feet. Reported yields of 85 wells drilled into bedrock 
range from y2 to 69 gpm. The median yield is 8 gpm and the average 
yield is about 12 gpm.

A type of well much used for municipal water supplies is the gravel- 
packed well, which consists of a tubular casing and screen set into a 
large-diameter envelope of gravel. Reported depths of gravel-packed 
wells, all in stratified drift, range up to 57 feet. Reported yields of 
10 large-diameter gravel-packed wells used for municipal supply range 
from 215 to 730 gpm.

SPRINGS

Although springs produce an extremely small part of the ground 
water used in the Ipswich basin, several large springs are known to 
provide water for domestic, farm, and commercial use. Only 3 of the 
19 springs inventoried during this investigation are reported to have 
flows of more than 10 gpm. The largest reported yield is 150 gpm for 
Pocahontas Spring, at the head of Wills Brook, Lynnfield.

The flows of most springs reportedly fluctuate little during the year, 
and few springs become completely dry at any time. This means that 
the aquifers which supply most of these springs gain sufficient recharge 
to replenish normal discharges. All the springs inventoried have 
been dug out, walled up, or otherwise improved.

MUNICIPAL SUPPLY

Nearly 95 percent of the ground water withdrawn in the Ipswich 
River basin is used for municipal water supply. (See pi. 2 for well 
locations.) During the 1960 water year an average of about 5.2 mgd 
was pumped in the basin. This amount is about equal to the volume of 
surface water withdrawn in the Ipswich River basin in 1960. About 
half the ground water withdrawn for municipal use is diverted from 
the basin.
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Hamilton, North Reading, Topsfield, Wenham, and Wilmington 
depend entirely on ground water for public supply. Water used in 
these communities is again discharged within the basin at points of 
individual use (mainly cesspools and septic tanks). Thus, nearly all 
the water used returns to the ground and again enters the ground- 
water reservoir.

Danvers, Reading, and Peabody divert ground water from the 
basin for municipal supply. A small portion, 30,000 gpd, of the water 
pumped for the Danvers supply is used in Middleton and again dis 
charged in the Ipswich River basin. Ipswich and Rowley are partly 
in the basin, but water for these communities is obtained outside the 
basin.

With the exception of one gravel-packed well in Peabody, all wells 
that are pumped for municipal supply in the Ipswich basin derive 
water from the stratified drift overlain by swamp deposits. At most 
well locations the stratified drift is part of the valley fill that occupies 
the lowland valleys of the Ipswich River and its tributaries.

The average daily withdrawal of ground water during the 1960 
water year is shown in the following table:

Million
gallons

City or town WeH(s) per day
Danvers__-__________ 1 gravel packed.___________________ 0 6
Hamilton_----_-_--_- 4 gravel packed; 31 driven.
North Reading_______ 1 gravel packed; 10 driven..
Peabody___________ 2 gravel packed.. _________
Reading.____________ 4 gravel packed; 100 driven.
Topsfield____________ 30 driven_______________
Wenham____________ 2 gravel packed. __________
Wilmington__________ 90 driven___________---_

Ground water has been a source of publicly owned municipal water 
supply in the Ipswich River basin since 1890. The first municipally 
owned wells were completed for Reading in 1890, and these remained 
the only municipal supply until 1925 when Wilmington installed a 
group of wells. Since 1925 the number of communities that obtain 
ground water from the Ipswich basin has increased to eight, and the 
amount of water pumped has increased steadily. Figure 8 shows that 
during the 10 years from 1950 to 1960 water use in three communities  
Hamilton, Topsfield, and Wenham has increased nearly twice as fast 
as their population. The rate of increase is not as large as that for the 
entire country, but the national rate includes a large increase in indus 
trial use, whereas the increased consumption in these towns is almost 
entirely from domestic use. The increased use of ground water in the 
lower Ipswich River basin since 1941 is illustrated by the graphs in 
figure 9.
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1941 1960

FIGUBE 9. Municipal withdrawal of ground water in the lower Ipswich River
basin.

DOMESTIC SUPPLY

The inventory of wells in the Ipswich Eiver basin lists 452 privately 
owned wells that supply water for domestic use and for watering 
stock. Most wells-provide the sole water supply for a single house 
hold or farm. These 452 wells probably represented about 90 percent 
of the wells in use in 1960. The average daily discharge of ground 
water from domestic wells is estimated to be 0.17 mgd. This is 3.5 
percent of the ground water used in the Ipswich River basin.

DEVELOPMENT OF GROUND WATER IN THE LOWER IPSWICH RIVER
BASIN

Information in this section relates to recharge, storage, and with 
drawal of ground water in only the lower Ipswich River basin. 
Similar detailed descriptions of ground-water conditions in the 
Wilmington-Reading area are available in the report "Geology and 
ground-water conditions in the Wilmington-Reading area, Massa 
chusetts" by Baker, Healy, and Hackett (1964). A summary of hy- 
drologic conditions in the Wilmington-Reading area is included in the 
present report in the section "Water-Resources Development."
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To arrive at an estimate of potential ground-water use, the three 
following factors are considered: (1) the annual amount of effective 
recharge to the ground-water body, (2) the amount of natural storage 
available, and (3) the feasibility, from both the hydrologic and 
economic standpoint, of increasing the withdrawal of ground water at 
given locations within the basin.

ANNUAL EFFECTIVE RECHARGE

Under natural conditions much of the water that enters aquifers is 
subsequently lost through evapotranspiration. The water that is 
eventually discharged from the aquifers to streams is the part of 
ground-water recharge that could be intercepted by wells and with 
drawn for use. This fraction of the total ground-water recharge is 
termed "effective recharge." Base runoff in streams ordinarily repre 
sents ground-water runoff and, by inference, effective recharge. In 
the lower Ipswich River basin, however, base runoff contains an un 
known amount of surface-water runoff from swamps, and estimates of 
base runoff can be used only to set limits for effective recharge. For 
the period 1931-58, the least annual base runoff was about 8.3 inches 
(1941), the average base runoff was about 14.5 inches, and the greatest 
amount was 22.2 inches (1956). These values establish the upper 
limits of the least, average, and greatest amounts of effective recharge 
in the lower Ipswich River basin.

A set of lower limits for effective recharge is obtained by a method 
described in the Wilmington-Reading report (Baker and others, 1964). 
This method produces purposely low estimates by the use of two arbi 
trary procedures: (1) recharge is computed only for outcrop areas of 
ice-contact and outwash deposits, and (2) the rate of runoff for the 
whole basin is taken as the rate of ground-water runoff from the re 
charge areas.

To obtain lower limits of effective recharge for the lower Ipswich 
River basin, values of the least, average, and greatest annual runoff  
respectively 12.6, 22, and 33.6 inches are multiplied by a fraction 
(about !/£) which is the ratio of the area underlain by ice-contact and 
outwash deposits to the total area of the lower basin. The resultant 
figures 4.4, 7.7, and 11.7 inches do not represent estimates of re 
charge; they are arbitrary figures, sufficiently conservative so that 
they are smaller than the amounts for the least, average, and greatest 
annual effective recharge during the period of record. Thus, effective 
recharge to ground-water bodies in the lower Ipswich River basin is 
assumed to fall between the lower limits just given and the upper 
limits represented by the figures for base runoff.
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In summary, on the basis of records for the years 1931-58, effective 
recharge to aquifers in the lower Ipswich basin is estimated to range 
as follows:

Average. ______ _______________________ _ _ ___

Inches per year

4. 4-8. 3
7. 7-14. 5

11. 7-22. 2

Million gallons 
per day

16. 9-31. 6
29. 3-55. 2
44. 5-84. 5

Frequency curves showing recurrence of effective recharge during 
the period of record are shown in figure 10. The estimated range of 
values lies between the upper and the lower limiting curves.
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FIGURE 10. Estimated frequency of effective ground-water recharge in the lower 
Ipswich River basin. Actual recharge in any year of record would fall within 
the range bounded by the two curves.
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SUSTAINED YIELD AND STORAGE

The maximum sustained yield of an aquifer or drainage basin is 
greatly dependent upon the amount of storage space that is available 
to accept water during periods of surplus and to retain water for use 
during periods of deficiency. Thus, estimates of sustained yield may 
be based on the long-term average recharge if the volume of storage 
is large enough to retain water through successive years in which 
recharge is below average. In the lower Ipswich River basin, where 
nearly all usable storage is depleted and replenished annually, the 
maximum sustained yield is probably not much greater than the ex 
pected least annual recharge (16.9 mgd). Use of this amount of 
ground water would require only a storage volume large enough to 
satisfy pumping demands during the summer and early fall of the 
driest years.

An estimate of storage has been based on the following facts and 
assumptions:
1. Usable storage is assumed to exist only in known stratified drift and 

swamp deposits.
2. The average thickness of stratified drift and overlying swamp 

deposits reported in logs of 190 wells and test holes in the lower 
basin is 30 feet. This thickness is assumed to be the average for 
the basin.

3. Two-thirds of the average thickness is assumed to be saturated. 
This estimate is based on records of water levels in 256 wells in 
stratified drift.

4. The average specific yield of the stratified drift is assumed to be 
30 percent. This estimate is based partly on results of laboratory 
tests on 33 samples of stratified drift and swamp deposits from 
the lower basin, and partly on field estimates of hydrologic 
characteristics.

On the basis of these four assumptions, storage in aquifers of the 
lower Ipswich River basin is estimated to be 52 billion gallons. This 
amount could be withdrawn during 1 year at a rate of 135 mgd.

To utilize the entire volume of storage in the lower basin, an imprac- 
tically large number of wells would be needed to tap the many small 
isolated aquifers. However, a large increase in use could result from 
the exploitation of a comparatively small volume of storage. For 
example, if the estimated sustained yield of about 17 mgd were to be 
withdrawn from the lower basin, water would have to be withdrawn 
from storage at this rate during the period of about 150 days each year 
in which most potential recharge is intercepted by evapotranspiration. 
Such a withdrawal from storage (2.55 billion gals.) would result in an 
average lowering of the water table of only 1 foot in the areas of

220-917 O 66   4
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stratified drift, if we assume a specific yield of 30 percent. On the 
basis of the above calculations, the estimated sustained yield of 17 mgd 
appears reasonable. Thus, withdrawals of ground water could be 
made in the lower basin at a rate eight or nine times greater than the 
1960 rate of about 1.8 mgd.

Although total withdrawal in the basin could be greatly increased 
safely, expanded withdrawals at any specific site should be planned 
with adequate consideration for local hydrologic conditions.

FEASIBILITY OF INCREASING WITHDRAWAL

Ground water may be recovered from wells almost anywhere in the 
lower Ipswich Eiver basin, although continuous use of ground water 
at any location is limited by the extent to which recharge to the aquifer 
and storage volume within the aquifer combine to sustain the yield. A 
still more basic limitation is placed on ground-water development by 
the permeability of the aquifer. For example, in a large aquifer of 
low permeability many closely spaced wells would be required in order 
to use the full recharge and storage potential. On the other hand, a 
single well might effectively utilize the potential of a highly permeable 
aquifer in which flow to the well could take place freely. The problem 
of ground-water development in the lower Ipswich Eiver basin is 
essentially one of locating materials which have large permeabilities 
and which have, hi addition, either a large volume of storage or are at 
a location which insures these materials of direct recharge from 
streams, lakes, or swamps.

In general, the most promising areas for further exploration are 
(1) those adjacent to the channels of the Ipswich Eiver and its major 
tributaries, and (2) those areas where relatively permeable ice-contact 
deposits border, and presumably underlie, extensive swamp deposits 
or lakes. Several outwash plains and unusually extensive ice-contact 
deposits appear to possess storage volume large enough to sustain 
greatly increased withdrawals; the critical problem with these deposits 
apparently would be to locate areas of high permeability in which to 
place wells.

In the following description, the lower Ipswich Eiver basin is divided 
into three areas, of relatively uniform hydrologic conditions. Favor 
able sites in each of these areas of the basin are shown on the map in 
plate 2.

WESTEBN AREA

The western area comprises parts of North Andover, Boxford, and 
Middleton. In this area, which is characterized by a patchwork of 
small isolated stratified deposits and many areas of bedrock exposures, 
the stratified materials are generally thin and of small areal extent. 
The volume of storage in nearly all deposits except the till masses are



DEVELOPMENT OF GROUND WATER IN LOWER BASIN 43

comparatively small, and the stratified deposits are predominantly fine 
grained. Over much of the area, therefore, conditions are unfavorable 
for developing large supplies of ground water. The most favorable 
conditions appear to exist in several stream valleys where the thick 
nesses of saturated deposits are relatively great and where recharge 
from the streams could be expected.

Test holes and wells in the valleys of Mosquito, Fish, and Boston 
Brooks show that the thickness of saturated stratified drift is generally 
above average and in several places is greater than 50 feet. Oppor 
tunity for recharge from both streams and swamps appears to be good 
along each of these stream valleys. However, logs of test holes show 
that at many sites the stratified drift is predominantly fine grained. 
Further exploration would be required to locate materials that are 
sufficiently permeable to yield water freely to wells and to permit 
significant amounts of recharge to be transmitted from the streams.

Several of the ponds in this area are adjacent to and presumably 
hydraulically connected with deposits of stratified drift (fig. 3). 
Areas adjacent to these ponds, therefore, offer additional possibilities 
for the development of ground water, although at many sites locating 
permeable materials would be difficult.

Most swamp deposits in the western area conceal underlying deposits 
of stratified drift. Although the nature and extent of most of the 
underlying deposits are unknown, it is safe to assume that at least 
some of the swamp areas would prove to be favorable for the develop 
ment of ground-water supplies. A site which may warrant further 
exploration is an extensive swamp area of North Andover bordered 
by Boxford, Forest, and Lacy Streets. The ice-contact and outwash 
deposits exposed in and around this swamp indicates that the area is 
a potential source of moderate to large supplies of ground water. Ex 
ploration of this and similar areas would be required to determine 
whether or not thicknesses and permeabilities of the drift are great 
enough to support large withdrawals.

CENTRAL AREA

The central area includes Topsfield and parts of Boxford, Danvers, 
Hamilton, Ipswich, Middleton, Peabody, and Wenham. The area is 
characterized by relatively broad lowland valleys which are underlain 
by stratified drift. The Ipswich Kiver and several of its major 
tributaries traverse these valleys in the southern part of the central 
area. Stratified drift underlies a significantly greater percentage of 
the central section than it does the western area.

The geology of much of the north-central area appears in some 
respects to be favorable for ground-water development. Boxford, 
Topsfield, and western Ipswich contain broad areas which have been 
mapped principally as outwash and which undoubtedly store large
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quantities of water. However, logs of wells and test holes in this 
area indicates that the stratified drift is relatively thin and that per 
meabilities are probably not high. Nevertheless, further exploration 
of the region is warranted, especially in the vicinity of ice-contact de 
posits, most of which are presumably more permeable than the outwash.

The most promising locations for further ground-water development 
in the central area of the lower Ipswich Eiver basin are in the broad and 
generally swampy valleys adjacent to the Ipswich Kiver and several 
of its major tributaries. Many sites have already been explored, and 
the municipal-water supplies of Danvers, Hamilton, Middleton, Tops- 
field, and Wenham are drawn largely or entirely from wells in these 
lowlands.

The thicknesses of saturated unconsolidated materials are known 
to be greater than 60 feet at many places along the channel of the 
Ipswich Eiver and in many of the swamps bordering the river. The 
most extensive deposits are predominantly fine grained, but the many 
successful wells in this area indicate that the low to moderate per 
meabilities of the materials are adequately compensated for by ample 
recharge from streams and swamps near the wells. Additional large 
ground-water supplies might be obtained at any one of many sites 
along the Ipswich Kiver and in its extensive swamp systems. Sites on 
or adjacent to the many ice-contact deposits that border or lie partly 
buried in the swamps are especially favorable locations. Of particular 
interest is the area, occupied largely by Wenham Swamp, between the 
Ipswich River and Wenham Lake. Although parts of this area near 
Pleasant Pond and the eastern border of Wenham Swamp have been 
explored, further exploration of the many ice-contact deposits is 
warranted.

EASTERN AREA

The eastern area includes parts of Beverly, Hamilton, Ipswich, and 
Wenham. In this area the effects of the postulated marine inundation 
in late Pleistocene time appear most clearly, and the topography is 
dominated by the rounded tops of glacial features that protrude 
through the relatively level surfaces of low-lying marine and outwash 
deposits. Extensive deposits of marine clay, silt, and sand, as well as 
swamp materials, conceal much of the older, more permeable stratified 
drift, and add to the difficulty of evaluating the ground-water poten 
tial of this section of the basin.

A number of the largest ice-contact deposits, most of them in Ips 
wich and Hamilton, lie above the stream valleys on till and bedrock 
slopes. These deposits are generally too well drained to warrant con 
sideration as aquifers. However, other ice-contact deposits of at least 
moderate permeability probably exist in the stream valleys and be-
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neath the swamps of the eastern area. Such deposits, if located, 
should prove to be favorable sites for ground-water development.

Probably the largest number of favorable sites in the eastern area 
occur in the Miles Eiver valley. Information collected for this report 
indicates that thicknesses of the saturated underlying drift are well 
above average in much of this valley. Permeabilities are generally 
not high even though at places coarse-grained materials of moderate to 
large permeability underlie finer grained materials.

Additional parts of the eastern area which appear to be favorable 
for ground-water development lie mostly in southern Hamilton and 
Wenham and in northern Beverly. Deposits near Longham Reser 
voir and Norwood and Beaver Ponds show promise as aquifers, al 
though saturated thicknesses, and therefore storage volumes, appear 
to be small. Similar thin deposits of coarse-grained materials exist in 
the Chebacco Lake-Beck Pond area of Hamilton, just outside the 
boundary of the drainage basin, although near Beck Pond a test bor 
ing penetrated 75 feet of predominantly fine-grained material. Some 
of the area traversed by Black Brook in Hamilton is underlain by 
relatively coarse-grained ice-contact deposits, and therefore is an area 
of potential development.

The northeastern part of the drainage basin, almost entirely in Ips 
wich, apparently offers few favorable sites. The best opportunities 
for ground-water development probably exist along the Ipswich River 
channel, southwest of the town center, although favorable conditions 
are not precluded elsewhere in the area, especially in the vicinity of 
several unexplored ice-contact deposits. In general, however, the 
marine sediments which partly fill the valleys in the eastern part of 
Ipswich and the northern part of Hamilton are predominantly fine 
grained, and although saturated thicknesses of these deposits may be 
large, permeabilities are too small to permit the economical with 
drawal of large quantities of ground water.

STBEAMFLOW 

GENERAL CHARACTERISTICS

Streamflow in the Ipswich River normally varies in an annual cycle 
in which discharge gradually declines from peak flows in the early 
spring, reaches minimums in the late summer and early fall, and then 
rises and remains at moderate heights during the winter. Annual 
peak discharges measured at the gaging station in Ipswich (pi. 2) 
from 1931 to 1958 averaged about 970 cfs and did not exceed 2,610 cfs. 
Annual peaks at the South Middleton gaging station averaged about 
435 cfs and did not exceed 808 cfs. Near peak flows can occur at both 
stations for as long as a week, when they are sustained by runoff from 
the large storage areas within the basin.
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The minimum instantaneous flows at the South Middleton gaging 
station are strongly affected by diversions, and the durations of low 
flows at this station are extremely variable. Flows at or near the 
minimums may last a few days or less than an hour. At the gaging 
station near Ipswich, however, low flows are nearly constant and near 
minimum flows may be maintained for many days. The minimum 
flow recorded at South Middleton is 0.1 cfs, and the minimum at Ips 
wich is 1 cfs; both occurred in the fall of 1957.

Large departures from the normal seasonal pattern of streamflow 
are frequent, mainly as the result of abnormally high precipitation 
from rainstorms in winter or from tropical storms or hurricanes in the 
summer and early fall. Variations from normal flow patterns also 
result from changes in municipal pumpage. Effects of such changes 
are especially pronounced during the months of low flow in late sum 
mer and early fall.

Average annual runoff at Ipswich is 21.98 inches (86 mgd), and at 
South Middleton it is 22.41 inches (44 mgd). (See table 4.) Depar 
tures from the average runoff have ranged from about 40 percent 
below to about 60 percent above average at both gaging stations. 
Variations in diversions account for only about 10 percent of these 
variations in annual streamflow, and therefore changes in the annual 
streamflow are largely the result of varying precipitation. During 
the years 1931-58 annual precipitation ranged from 30 percent below 
average to 44 percent above average. However, because of changes in 
ground-water recharge and storage, an increase in precipitation dur 
ing 1 year does not always produce a corresponding increase in runoff 
for the year. In fact, the data in table 4 show that in several years of 
record at the Ipswich gage annual increases in precipitation were ac 
companied by decreases in runoff, or vice versa.

Precipitation records obtained at seven weather stations in and 
near the Ipswich River basin show that average annual precipitation 
differs at most by about 10 percent between stations. The northern 
part of the basin receives slightly more precipitation than the southern 
part, and the eastern part of the basin, close to the ocean, may receive 
about 1 inch more precipitation than the inland sections. However, 
the larger amount of precipitation in the lower basin does not produce 
a corresponding increase in runoff. The average annual rate of runoff 
computed for the station at Ipswich is about 2 percent less than the 
rate computed for the upstream gage at South Middleton. This differ 
ence may indicate a greater rate of evapotranspiration in the lower 
basin than in the upper. This greater rate may be due to the extent 
of water surfaces of the large continuous swamps in the lower basin. 
(See section on "Water loss.")
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TABLE 4. Annual precipitation, runoff, and base runoff, in inches, in the Ipswich
River basin

Water year

1931.      
1932.         
1933.       
1934.         
1935.         
1936.       ....  
1937-.  ..      
1938...        
1939«  ...       
1940. ..       
1941....       
1942...    .  ..
1943..    .........
1944.        
1945»     ...   
1946»        ...
1947.          
19485      _______
1949'         
1950-       
1951-        
19521        
19535         
1954 «__ .........   
19551         
19561      
1957.        
1958.         

Ipswich River at South Middleton

Average 
precipi 
tation

43.75 
36.63 
52.48 
38.05 
38.99 
41.64 
39.79 
57.81 
32.71 
36.56 
29.59 
38.81 
37.38 
41.41 
40.20 
47.70 
33.79 
38.07 
37.95 
30.21 
43.67 
49.73 
41.40 
59.71 
43.48 
43.49 
31.25 
56.19

41.52

Runoff i

*21.60 
4 15. 00 
* 32. 20 
422.90 
423.90 
4 22. 60 
4 20. 55 

32.05 
24.71 
19.44 
13.00 
16.19 
20.35 
15.67 
24.51 
27.14 
16.49 
22.20 
13.47 
14.10 
20.77 
28.77 
23.94 
30.09 
26.59 
35.28 
14.03 
29.90

22.41

Water 
loss

22.25 
21.63 
20.28 
15.15 
15.09 
19.04 
19.24 
25.76 
8.00 

17.12 
16.59 
22.62 
17.03 
25.74 
15.69 
20.56 
17.30 
15.87 
24.48 
16.11 
22.90 
20.96 
17.46 
29.62 
16.89 
8.21 

17.22 
26.29

19.11

Esti 
mated 
base 

runoff 2

11.82 
8.25 

17.70 
12.60 
13.15 
12.42 
11.30 
17.65 
13.59 
10.69 
7.15 
8.90 

11.19 
8.62 

13.48 
14.93 
9.07 

12.21 
7.41 
7.76 

11.42 
15.82 
13.17 
16.55 
14.62 
19.40 
7.72 

16.44

12.32

Ipswich River near Ipswich

Average 
precipi 
tation

45.53 
37.36 
54.19 
39.81 
40.29 
43.51 
41.48 
58.76 
33.22 
38.97 
30.27 
39.82 
37.33 
40.51 
43.26 
48.51 
33.52 
39.17 
38.86 
29.87 
43.94 
50.34 
42.23 
60.40 
44.23 
45.57 
32.06 
56.03

42.47

Runoff 3

21.04 
14.54 
32.03 
22.52 
23.51 
22.23 
20.17 
31.98 
23.79 
18.94 
12.58 
16.60 
19.24 
14.31 
24.31 
26.78 
15.63 
22.00 
13.48 
13.99 
20.80 
28.93 
23.83 
28.66 
25.28 
33.56 
15.04 
29.45

21.98

Water 
loss

24.49 
22.82 
22.16 
17.29 
16.78 
21.28 
21.31 
26.77 
9.43 

20.03 
17.69 
23.22 
18.09 
26.20 
18.95 
21.73 
17.89 
17.17 
25.38 
15.88 
23.14 
21.41 
18.40 
31.74 
18.95 
12.01 
17.02 
26.58

20.49

Esti 
mated 
base 

runoff 2

13.89 
9.60 

21.14 
14.86 
15.52 
14.67 
13.31 
21.11 
15.70 
12.50 
8.30 

10.96 
12.70 
9.44 

16.04 
17.67 
10.32 
14.52 
8.90 
9.23 

13.73 
19.09 
15.73 
18.92 
16.68 
22.15 
9.93 

19.44

14.50

1 Adjusted for diversions for municipal supplies of Reading, Lynn, and Peabody.
2 Includes adjustment for diversion of ground water withdrawn by water-supply system of Reading.
3 Adjusted for diversions for municipal supplies of Reading, Lynn, Peabody, Danvers, Salem, and 

Beverly.
4 Estimates based on comparison of runoff at South Middleton with runoff at Ipswich.
5 Year (1 of 10 yr) used to compute runoff-base runoff relationship.

The delayed runoff is released with equal smoothness from storage in 
outwash and swamp deposits in all parts of the basin, as shown on 
discharge hydrographs at the two gaging stations- However, if the 
magnitudes of discharge, based on discharge per square mile, are com 
pared, durations of flows in the low discharge ranges are appreciably 
smaller at South Middleton than at Ipswich. This difference is prob 
ably due to the large diversions from the Wilmington-Reading area 
during low-flow periods rather than to differences in topography or 
geology between upstream and downstream parts of the basin. (See 
section on "Duration of flow.")

DURATION OP FLOW

The shapes of flow-duration curves for a stream offer a means of 
estimating some of the hydrologic characteristics of a basin, provided 
the stream is unregulated, or substantially so. A steeply sloping curve 
indicates that streamflow is intense after a period of rainfall or snow- 
melt but is quickly depleted, where as curve of smaller slope indicates



48 WATER, IPSWICH RIVER BASIN, MASSACHUSETTS

that initial streamflow is less intense and flow is more evenly sustained. 
Under conditions of natural runoff, therefore, a duration curve of low 
slope implies that the volume of available surface- and ground-water 
storage within the basin is large and that a significant portion of poten 
tial streamflow is retained for some time in natural storage before 
being released to the channel. In the Ipswich River basin, deposits of 
outwash and swamp materials provide large volumes for ground- 
water storage adjacent to the stream channels. The amount of storage 
volume varies from place to place, and the characteristics of the dura 
tion curves obtained at several stations afford a means of comparing 
storage characteristics in the basin above each station.

Flow-duration data are used also to predict the percentage of time 
specified flows will be equalled or exceeded in the future. The re 
liability of predictions depends on how accurately the data represent 
the natural-flow characteristics of the basin and on the amount of 
changes in hydrologic conditions that occur thereafter. Inevitable 
changes due to urban development, diversion of water, and regulation 
of streamflow make the prediction of future flows in the Ipswich River 
somewhat uncertain.

Duration curves representing flow at the Ipswich and South Middle- 
ton gages are computed on a unit area basis (cubic feet per second per 
square mile) in order to provide a means of comparing the two sets 
of data (fig. 11). For example, discharge equals or exceeds 1.82 cfsm 
at both stations about 30 percent of the time, and the curves for higher 
discharges are nearly identical at the two stations- For discharges 
smaller than about 1.8 cfsm, the duration curves are divergent; for 
example, at the 70 percent level, discharge at South Middleton is 0.22 
cfsm while at Ipswich the discharge is 0.33 cfsm. The difference in 
low-flow durations is due to the amount of diversion above the South 
Middleton gage during low-flow periods as compared with diversions 
from the lower basin. Most of the diversions above the Middleton gage 
during low-flow periods are the result of pumpage of ground water at 
the Reading muncipal well field. The decrease in streamflow caused 
by this pumpage illustrates the close relationship between ground- 
water and surface-water resources of the basin.

Characteristics of high flows are greatly dependent on basin topog 
raphy, and the similarity of the duration curves for flows greater 
than 1.8 cfsm implies a high degree of similarity in the topography of 
the two parts of the basin. The moderate slopes of the two duration 
curves indicate that large volumes of storage exist in both drainage 
areas.
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but the depletion rate in Martins Brook is high and at the 90 percentile 
level the discharge is below that of Lubber Brook. Furthermore, the 
duration curve of discharge per unit area (fig. 125) shows that base 
flow in Lubber Brook is greater than that in Martins Brook. These 
facts suggest that the volume of outwash deposits and, therefore, the 
volume of ground water storage is larger in the Lubber Brook basin. 
This conclusion has been substantiated by the geologic mapping 
(pi. 1).

LOW-FLOW FREQUENCY

Low-flow frequency curves graphically represent the average inter 
val of time between occurrences of specified discharges. The curves 
thus provide a useful supplement to the flow-duration curves which 
represent the percentage of time during which specified discharges 
actually flowed.

Frequency curves may be used to forecast the future occurrence of 
discharge if hydrologic conditions during the base period are repre 
sentative of long-term conditions. The use of low-flow frequency 
curves can therefore be of great value in assessing future storage 
requirements, selecting sites for water supplies, appraising the ade 
quacy of natural flow for the dilution of wastes, and delineating 
general hydrologic characteristics, of the river basin. Users of the 
frequency curves presented in this report must bear in mind, however, 
that these curves represent flows that are affected both by diversions 
and by the use of water within the basin, and they must assume that 
future changes in the pattern and amount of diversions will alter the 
low-flow characteristics of the river.

On the basis of the data show in figure 15, and considering that 
diversions and hydrologic conditions during the period 1930-58 were 
typical, the average discharge at South Middleton during the lowest 
7 days of a climatic year will be about 0.3 cfs at a recurrence interval 
of 10 years. At Ipswich the lowest 7-day flow will average about 1.8 
cfs about once in 10 years (fig. 16). This is not to say that these flows 
will occur once in every 10 years, but rather that the average interval 
between such occurrences will be 10 years. The useful implication 
follows that there is a probability of 10 percent that these discharges 
will occur at the respective stations in any given year; thus a 5-year 
recurrence interval indicates a 20 percent probability for the specified 
flow in any given year, and so on.

A comparison of figures 13 and 14 shows that the frequency curves 
derived for the station at South Middleton are somewhat steeper than 
those for the station at Ipswich. This difference is probably a further 
result of diversions above the station at South Middleton during low- 
flow periods. (See section on "Duration of flow.")
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FIGURE 13. Frequency of lowest average discharges for 7, 30, 60, and 120 con 
secutive-day periods at the South Middleton gaging station. (Base data 
adjusted by regional correlation.)

BASE RUNOFF

Base runoff in the Ipswich Eiver basin is sustained largely by the 
discharge of ground water to the streams from adjacent unconsoli- 
dated deposits. Average annual base runoff at the Ipswich gaging 
station is estimated to be about 14.5 inches, and that at South Middle- 
ton station, about 12.3 inches (table 4). Thus base runoff comprises 
about 67 percent of the average annual discharge at Ipswich and about 
55 percent of the annual discharge at South Middleton.

A significant amount of streamflow included in the figures for base 
runoff may be derived from water ponded on swamp surfaces. 
Swamps occupy nearly one-fifth of the land area in the basin, and 
they are known to store vast quantities of water. However, hydro- 
logic conditions in the swamps are complex and it is not known how 
much of the stored water contributes directly to streamflow and how 
much infiltrates aquifers beneath the swamps and enters the streams 
at some later time. The large ratio of base runoff to total runoff in the 
basin above the Ipswich gage probably indicates a sizeable contri 
bution to base runoff from, the large swamp systems in the lower basin.
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FIGURE 14. Frequency of lowest average discharges for 7, 30, 60, and 120 con 
secutive-day periods at the Ipswich gaging station. (Base data adjusted by 
regional correlation.)

Amounts of annual base runoff at the South Middleton and Ipswich 
gaging stations (table 4) were computed by means of the relationship 
between the adjusted yearly runoff and estimated base runoff for those 
10 years in which diversions were relatively small and constant and 
streamflow most nearly approached natural conditions.

Frequency curves of base runoff at the South Middleton and Ips 
wich gaging stations (fig. 15) indicate that annual base runoff per unit 
area at the gage near Ipswich is consistently greater than that at the 
South Middleton gage by about 20 percent. This difference in base 
runoff is probably only partly attributable to a difference in precipita 
tion in the two areas inasmuch as the average precipitation in the Ips 
wich drainage area exceeded that in the South Middleton drainage 
area by only 2 percent during the period of record. Furthermore, 
the topographic and vegetal characteristics of both areas are similar. 
(See "Duration of flow" section.) Geologic mapping has shown, how 
ever, that in the lower basin the ratio of outwash deposits to other de 
posits is about 15 percent greater than in the upper basin. It is likely,
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therefore, that large volumes of outwash deposits, such as those that 
exist relatively far from principal drainage channels in Andover, 
North Andover, Middleton, and Boxford, contribute much of the ad 
ditional base runoff in the lower drainage basin. These deposits, in 
conjunction with the large swamp systems, undoubtedly store much 
water during recharge periods and release it slowly during low-flow 
periods. Thus base runoff characteristics in the two parts of the basin 
appear to be related to geologic characteristics.

FLOODS

Overbank flooding occurs at places along the Ipswich Eiver nearly 
every year, but catastrophic floods are rare. Only two major floods 
have been recorded in historic times, one in February 1886 and one in 
March 1936. The first of these is known only from accounts by local 
inhabitants. In Ipswich water reportedly rose as high as "the side 
walk on the river side of Market Street" (Thomson and others, 1964, 
p. 52). The river stage at this point must therefore have been at least 
10 feet above normal stream levels, and perhaps was backed up by 
blockage at the historic Choate bridge a few yards downstream. The 
second major flood, that of March 1936, reached a peak flow of 2,610 cf s 
at the gaging station in Ipswich. This flood was not gaged at 
South Middleton, but it was there reported that the flood was the great 
est since the flood of 1886. It is not known how the two floods compare

100
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FIGURE 15. Frequency of annual base runoff at the South Middleton and Ipswich
gaging stations.
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in magnitude, but many residents of Ipswich reported that the 1886 
flood was much higher than the one in 1936 (Thomson and others, 
1964, p. 52,81).

An apparent scarcity of reports of flood damage along the Ipswich 
Eiver probably can be attributed to two causes. First, there has been 
little urbanization of the valley adjacent to the stream until recent 
years, and second, the wide swamps through which the river flows 
along much of its course are capable of storing tremendous quantities of 
flood discharge and releasing it slowly over a period of days or weeks. 
Increasing urbanization of the Ipswich basin will, however, not only 
contribute to larger flood flows in the stream, but will also increase the 
risk of damage when floods occur. A knowledge of high-flow charac 
teristics is essential to the planning of many of the future developments 
in the basin.

Flood-frequency curves indicate the recurrence interval (in years) 
of momentary annual peak discharges (figure 16). The recurrence in 
terval is defined as the average interval of time within which the given 
flood will be equaled or exceeded once (American Society of Civil En 
gineers, 1953, p. 1221). From a given recurrence interval it is possible 
to estimate the probability of a flood of given magnitude occurring in

5000

Q 4000
O 
o
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2000

§
<
o 

1000

Ipswich

South

V

Midc eton

1.01 1.1 1.5 2 3 5 7 10 20 30 50 100 

RECURRENCE INTERVAL, IN YEARS

FIGUBE 16. Frequency of annual floods at the South Middleton and Ipswich
gaging stations.
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any one year. For example, if the recurrence interval of a flood of 
given magnitude is 50 years, the probability of it occurring in any 
one year is 2 percent; similarly, if the recurrence interval is 25 years, 
there is a 4-percent probability of the flood occurring in any year, and 
soon.

The mean annual flood has been found to be the annual peak flow 
whose recurrence interval is about 2.3 years. At the Ipswich gage the 
mean annual flood is about 970 cfs, and at South Middleton it is 435 
cfs. Nearly every year, peak flows exceed 500 cfs at Ipswich and 250 
cfs at South Middleton.

DIVERSION AND STREAM REGULATION

Diversion of water from the Ipswich Eiver basin occurs as the re 
sult of pumpage by six cities or towns. Beverly, Danvers, Lynn, 
Peabody, Eeading, and Salem obtain all or part of their water sup 
plies from the Ipswich Eiver or from wells within the Ipswich Eiver 
basin, and the waste water from these communities is released outside 
the basin. Much of the diversion occurs upstream from the South 
Middleton gage, and, during the period of record, diversions have 
ranged from about 1 to 29 percent of the annual runoff at South Mid 
dleton. For the last 5 years of the period of record (1956-60), the 
average annual diversion of water above South Middleton was 1,819 
million gallons, or about 11 percent of the average annual runoff. Di 
versions from the basin above the Ipswich gage have ranged from 
about 1 to 16 percent of the annual runoff. The average annual diver 
sion from the basin (1956-60) was 2,969 million gallons, or about 6 
percent of the average annual runoff.

The stage hydrograph at South Middleton shows appreciable effects 
from municipal pumping, and at times of low or moderate flow, natural 
discharge may be reduced temporarily by more than 50 percent. Dur 
ing 1956 and 1957, flow in the Ipswich Eiver ceased entirely for short 
periods in the vicinity of the Eeading municipal well field, and it is 
estimated that as much as 35 square miles of the drainage basin con 
tributed no water to the discharges measured at South Middleton. 
The report on ground-water conditions in the Wilmington-Eeading 
area (Baker and others 1964) stresses the fact that excellent hydraulic 
connections exist between the Ipswich Eiver and adjacent ground- 
water bodies, and it is clear that pumpage of ground water strongly 
affects streamflow in the Wilmington-Eeading area. Downstream 
from the South Middleton gage, pumpage of water for use in the 
basin and diversions from the basin are small relative to total stream 
discharges, and the effects of pumping are not usually apparent in 
streamflow records obtained at the Ipswich station. However, 
changes in municipal water supply facilities, such as those introduced



STREAMFLOW 57

at Danvers in 1960, may eventually alter flow patterns in the lower 
Ipswich basin.

Discharge of the Ipswich River is occasionally affected by regulation 
at a mill upstream from the South Middleton gage. The effect of this 
regulation is usually perceptible at the South Middleton gage for no 
more than 24 hours, and the effect is too small to be discernible at the 
Ipswich station.

WATER LOSS

The term "water loss" includes water lost to evaporation, transpira 
tion, and ground-water flow (underflow) at the stream gages, as well 
as changes in the amount of soil moisture, surface retention, and 
ground-water storage. Average annual water loss for the upper part 
of the basin is 19.11 inches; the average loss for the entire basin is 
20.49 inches. The figures for annual water loss in table 4 were ob 
tained by subtracting the amounts of annual runoff from the annual 
precipitation.

Over a period of several years the average water loss in the Ipswich 
River basin is nearly equal to the amount of evapotranspiration from 
the basin. This is true only because other losses, such as underflow at 
the gaging station, are negligible, and because there is no long-term 
change in the amount of ground-water storage in the basin. Thus over 
a period long enough to average out annual fluctuations in storage, 
nearly all the difference between the amount of precipitation and the 
amount of runoff represents water lost through evapotranspiration. 
At the end of any one year, however, the difference between the annual 
precipitation and the annual runoff may include a large increase or 
decrease in soil moisture and ground-water storage in addition to the 
amount lost by evapotranspiration.

The average water loss computed for the Ipswich River basin above 
the gaging station near Ipswich is about 6.7 percent greater than the 
loss computed for the Wilmington-Reading area (table 4). This 
difference is large enough to suggest a dissimilarity in hydrologic 
characteristics between the upper and lower parts of the drainage 
basin. The nature of the dissimilarity is difficult to assess, particu 
larly because the percentages of deposits that are assumed to have 
maximum evapotranspiration potential (swamps and low-level out- 
wash deposits) are about equal in the two parts of the basin. A possi 
ble explanation is that there is a greater evaporation potential in the 
large, continuous swamp areas of the lower basin, typified by Wen- 
ham Swamp, than in the many shallow, discontinuous swamp areas of 
the upper basin.

220-917 O 66-



58 WATEK, IPSWICH RIVER BASIN, MASSACHUSETTS 

QUALITY OP WATER

Most natural waters in the Ipswich Kiver basin are of suitable chemi 
cal quality for domestic and many industrial uses. The waters range 
from weakly alkaline to weakly acidic, and from soft to moderately 
hard. In addition to calcium (to which most of the hardness is at 
tributable), the elements most commonly present in objectionable 
amounts are iron and manganese. These elements are in nearly all 
waters of the basin, and at many places concentrations are sufficiently 
high to require treatment prior to domestic and industrial use.

The major chemical constituents and properties of ground water in 
the Ipswich basin are listed in table 5, along with a brief summary of 
their significance for water use in this area. Chemical analyses re 
ported by the Branch of Quality of Water of the U.S. Geological 
Survey are given in open-file reports for the Wilmington-Reading 
area (Baker and Sammel, 1961) and for the lower Ipswich River basin 
(Sammel and Baker, 1962). Table 6 of the present report summarizes 
the chemical analyses arranged according to the geologic source of the 
water sample. Statistical treatment has been limited to listing the 
range of concentrations and the median concentration of each chemical 
constituent.

Limits recommended by the U.S. Public Health Service (1962) for 
manganese and iron are 0.05 ppm (parts per million) and 0.3 ppm, 
respectively. Of the 28 samples of ground water analyzed, the con 
centration of manganese exceeded the recommended limit in 11 
samples, and the concentration of iron exceeded the limit in 8 samples. 
Table 7 shows amounts of iron and manganese in samples of river 
water taken at locations along the Ipswich River on the dates indi 
cated. The concentrations of iron and manganese were highest in 
samples taken during the late summer, and the increase is attributed 
to the larger proportion of ground-water runoff in the streamfiow.

In several samples of ground water, concentrations of nitrate were 
as high as 44 ppm. The usual sources of such contamination are 
sewage and agricultural fertilizers.

The chemical analyses show that concentrations of dissolved sub 
stances differ widely from place to place. Iron and manganese are 
the most common objectionable constituents, and in general, the 
samples that contain the highest concentrations of iron and manganese 
also contain the largest total amounts of dissolved solids. Concentra 
tions of individual constituents and the total amounts of dissolved 
solids are apparently unrelated to the geologic unit from which the 
water samples were obtained.
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TABLE 7. Concentrations of iron and manganese in samples of water from the
Ipswich River

[Analyses by U.S. Oeol. Survey]

Location

Burlington St., Wilmington- _______ _

Route 28, Reading _ _ __________ ____

Federal St., Wilmington _______ ___

Wills Brook, Lynnfield __________ _

Route 62, Middleton. _____________ _

Route 114, Middleton__ ______ _______
Salem Street, Topsfield. _____ _ ____
Winthrop Street, Hamilton. __   ___ _

Dates

9- -58
4-20-59 
8-13-59 

10- 2-58
4-20-59 
8-13-59 
9-30-58
4-20-59 
8-13-59 

10- 2-58
4-20-59 
4-20-59
8-13-59 
4-20-59
4-20-59
4-20-59

Iron 
(ppm)

0 19
13 
37 
59
45 
80 
30
46 
69 
33
24 
33
72 
28
22
12

Mn (ppm)

0.00
. 01 
.01 
.03
.00 
.03 
.06
.00 
.04 
.04
.01 
.03
.06 
.04
.01
.01

Temp. (°F)

54
51 
67 
51
52 
70 
52
50 
69 
52
53 
52
71 
52
53
53

Compositions of water samples from the stratified drift are similar 
to those from bedrock. Only two significant differences between the 
groups appear in the samples analyzed. Concentrations of iron and 
manganese are appreciably higher in water samples from bedrock, and 
the hardness is somewhat greater in water from the stratified drift.

The chemical relationships of the samples of ground water are pre 
sented in the trilinear diagrams of figures 17 and 18. (See Piper, 
1944, for a discussion of trilinear chemical diagrams.) The diagrams, 
which include only data on concentrations of ionized substances, show 
that, although there is a considerable amount of scatter in the anion 
fields, the cations are tightly grouped. Projections onto the diamond- 
shaped field fall within an area in which water quality is dominated 
by the alkaline earths, calcium and magnesium. The dominant char 
acteristic of the samples containing large amounts of dissolved solids 
(large circles) is that of relative hardness, both carbonate and noncar- 
bonate. On the other hand, in samples containing small amounts of 
dissolved solids, no cation-anion pair predominates over the others. 
The diagrams further demonstrate that, with the possible exception of 
the carbonate contents, there is little difference between the quality of 
water derived from bedrock and the quality of water derived from un- 
consolidated deposits.

Temperatures of water measured in 115 wells in unconsolidated de 
posits range from 44° to 62° F. The water temperatures recorded in 
three wells in bedrock are 48°, 52°, and 52° F. The average tempera 
ture in all wells measured is 53° F, which is about 4° F higher than 
the mean annual air temperature in the basin. Nearly all the temper-
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Radius of circle indicates dissolved 
solids in parts per million,thus:

FIGURE 17. Relative amounts of selected chemical constituents in 17 samples of 
ground water from wells penetrating unconsolidated deposits.

ature measurements were made during the summer months, and it is 
assumed that the average temperature computed from these measure 
ments reflects the influence of summer air temperatures. Ground- 
water temperatures in individual wells in the area have been observed 
to fluctuate within a range of about 10° F during the year. Surface- 
water temperatures fluctuate through a wide range, and although few 
measurements are available as evidence, it is assumed that the range of 
temperatures in most surface-water bodies approaches the range of the 
mean monthly air temperatures.

Stream pollution occurs at many places in the basin as the result 
of discharge of both industrial and domestic wastes. A study by the 
New England-New York Inter-Agency Committee (NENYIAC, 1955, 
sec. V, p. 1-70) determined that the entire main stem of the Ipswich 
Eiver and many of its tributaries were polluted and that, in certain 
areas, pollution was relatively severe, especially during periods of low 
flow. In most of the main channel and in aU but two of the major 
tributaries, pollution was not objectionable and the waters were classi 
fied as being in Condition II, which corresponds to New England
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Radius of circle indicates dissolved 
solids in parts per million,thus:

40

20

FIGUKE 18. Relative amounts of selected chemical constituents in nine samples 
of ground water from wells penetrating bedrock.

Interstate Water Pollution Control Commission classification B: 
"Suitable for bathing and recreation, irrigation and agricultural uses; 
good fish habitat; good aesthetic value. Acceptable for public water 
supply with filtration and disinfection." Diversions for the municipal 
supplies of Salem, Beverly, Lynn, and Peabody are made from waters 
of this class.

The NENYIAC (1955, sec. V, p. 16-19) describes pollution in excess 
of the standards for Condition II in 1.5 miles of Lubber Brook, 1 mile 
of Martins Brook in Wilmington, and the lower 4 miles of the main 
channel in Ipswich. During the years since the study was made for 
the NENYIAC report, two of the sources of pollution have been 
eliminated by the closing of a tannery on Lubber Brook and by the 
installation of a sewage-treatment facility in Ipswich. As of 1962, 
no additional changes are reported by the Massachusetts Department 
of Public Health, and it is assumed that stream conditions in 1962 are 
generally similar to those described in the NENYIAC report.
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WATER USE 

AGRICULTURE, INDUSTRY, AND PUBLIC SUPPLY

Annual withdrawal of water in the Ipswich Eiver basin fluctuates 
widely from year to year. Since 1931 annual pumpage has ranged 
from about 2 mgd in 1939 to 13.9 mgd in 1958. (See fig. 19.) Much 
of the fluctuation in demand is due to variations in the water needs of 
Lynn, Peabody, and Salem, all of which divert streamflow from the 
basin for municipal supply. Changes in use from year to year in 
these municipalities result partly from variations in climate and partly 
from variations in industrial demand for water. A 5-year running 
average of annual withdrawals indicates that use of water from the 
Ipswich basin has more than doubled since 1931.

ANNUAL WITHDRAWAL, IN MILLIONS OF GALLONS PER DAY

J -p. (T, 00 O

1931

1935

1940

5 1945

1950

1955

1960

POPULATION, IN THOUSANDS

FIGURE 19. Annual withdrawals of water and population trends in 10 com 
munities in the Ipswich River basin (1931-60).
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Use of ground water in the Ipswich Eiver basin has increased 
steadily from about 0.7 mgd in 1931 to about 4.8 mgd in 1960 (fig. 19). 
Amounts of ground water used annually show only small changes 
from year to year. Ground water is supplied mostly for domestic 
rather than industrial use, and the increase in use since 1931 reflects 
primarily the population growth in the towns served.

During the years 1930-60 the total population served by water with 
drawn from the basin increased from about 226,500 to about 379,000. 
The rate of increase implied by these figures is somewhat misleading, 
inasmuch as the two largest municipalities, Lynn and Salem, actually 
decreased in population during this period. The population graph 
in figure 19 shows the population increase between 1930 and i960 in 
10 communities which are the areas of future major growth. Not 
included in the graph is the town of Ipswich which derives its munici 
pal water supply from sources outside the Ipswich River basin and 
which disposes of most of its imported water downstream from the 
gaging station at Ipswich.

Diversions of water from the Ipswich River basin constitute a large 
share of the total use of water, although the proportion of diversions 
to total water use has decreased over the years. The decrease is illus 
trated by the fact that, for the period 1931-35, average annual di 
versions amounted to 96 percent of total water use, while for the period 
1956-60, the average diversion was 76 percent of the water use. The 
relative change is largely due to population growth rates, which were 
higher for towns in the basin than for the towns nearer Boston to 
which pumpage was diverted.

Per capita use of water from the basin has increased during recent 
years. Combined data from three representative communities. 
Hamilton, Reading, and Wilmington, show that over a 20-year period 
of record the per capita use of water has increased from about 55 to 79 
gpd (fig. 20). The change represents increases in both industrial and 
domestic use.

Water distributed in communities within the basin is used mostly 
for domestic purposes. Little or no industrial use of water is reported 
in towns within the basin except for Wilmington, where three in 
dustrial concerns use about 40 percent of the total pumpage. Al 
though agricultural use of water occurs in all communities, the 
amounts used each year are relatively small. Much of the water used 
for agricultural purposes is derived from private sources mainly dur 
ing June, July, and August of each year.

Much of the water diverted from the basin is used for industrial 
or commercial purposes, predominantly in Peabody, Salem, and Lynn. 
According to data compiled for the report by the New England-New 
York Inter-Agency Committee (19*55), industrial use of water in these
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FIGUBE 20. Per capita use of water in the towns of Hamilton, Reading, 
and Wilmington.

cities ranged from about 52 to 93 percent of total fresh-water use. It is 
estimated, however, that amounts of water used industrially have de 
creased greatly in recent years, in some years to about one-third the 
percentage reported for the early 1950's although percentages used 
commercially (for air conditioning and other uses) have probably 
increased.

Statistics relating to municipal water supplies withdrawn in the 
Ipswich River basin are given in table 8. A small amount of water 
is withdrawn by private owners for domestic and agricultural use, 
mostly in the towns of Boxf ord, Andover, and North Andover where 
there is no public supply. It is estimated, however, that all nonmunic- 
ipal use of water adds less than 5 percent to the figures for municipal 
use.

RECREATION

The use of water for recreation is important in the Ipswich River 
basin. About 40 major ponds, in addition to many miles of stream 
channel, provide opportunities for fishing, boating, hunting, and swim 
ming. The public is permitted to use all major water bodies in the 
river basin except for Wenham Lake and Longham Reservoir in Wen- 
ham and Putnamville Reservoir in Danvers. A limited number of 
permits are issued for the recreational use of Middleton Pond in Mid- 
dleton and Swan Pond in North Reading. The State maintains two 
recreation areas within the basin the Bradley W. Palmer State Park 
in Hamilton and the Harold Parker State Forest in Andover. Both 
of these facilities depend to some extent on water resources for their 
recreational appeal.
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The quality of water in the major surface-water bodies is generally 
good for any recreational use. The few known exceptions are de 
scribed in this section of this report dealing with quality of water.

WATER-RESOURCES DEVELOPMENT

Trends of population growth in communities within the basin in 
dicate that by the year 2000 the present population of the area will be 
doubled. If the trend of water use in relation to population growth 
continues to rise, the use of water from the basin will probably in 
crease to more than twice the present use during this same period. 
This section of the report summarizes data which may be of use in 
assessing the capacity of the river basin to provide the water required 
for future needs.

The average rate of runoff from a river basin provides a measure 
of the theoretical upper limit of sustained water use. In the Ipswich 
basin, the average use of water in the period from 1958 to 1960 
amounted to less than 10 percent of the theoretical limit of use (fig. 
21). In the Wilmington-Reading area, use was about 16 percent of 
the long-term average runoff; in the downstream part of the basin, 
use was about 6 percent of the average runoff.

Although the foregoing percentages indicate that a great increase 
in water use is theoretically possible, they are of little value in de 
termining the practical limits of future development. The complex 
problems of water-supply development require simultaneous consid 
eration of such factors as the availability of surface- and ground- 
water storage, transmissibility of ground-water aquifers, relationship 
of storage changes to streamflow, amount and nature of base flow, 
low-flow characteristics of streams, reuse of water within the basin, 
and many other factors of both local and regional importance. Al 
though the scope of this investigation does not permit a detailed anal 
ysis of local water-developed potential, this report and the report 
on ground-water conditions in the Wilmington-Reading area (Baker 
and others, 1964) include data which should facilitate consideration 
of the essential hydrologic factors. The data on low-flow frequencies 
(figs. 13 and 14) provide a partial basis for estimating the storage 
necessary to sustain any desired pumpage from streamflow, and they 
provide information which should be helpful in predicting effects of 
ground-water withdrawals and storage.

Graphs of precipitation frequencies for the months of April through 
October (fig. 22) may be useful in estimating potential use of water 
resources during critical months of each year. Although these data 
were obtained from only one precipitation station, the resulting fre 
quency curves are assumed to represent conditions over most of the
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FIGUKE 21. Average annual precipitation, evapotranspiration, and runoff (1931- 
60) and average annual use of water (1958-60).

river basin. The frequency curves can be used to estimate the prob 
ability of occurrence of specified amounts of precipitation during the 
growing season.

Estimates of effective annual recharge to unconsolidated aquifers 
provide a measure of the potential availability of ground water. The 
effective annual recharge to aquifers in the Wilmington-Keading area 
is estimated to be no less than 4 inches (8.3 mgd), and effective annual 
recharge in the lower basin is estimated to be no less than 4.4 inches 
(16.9 mgd). The 1960 rates of ground-water use (fig. 19) therefore 
represent about 50 and 10 percent, respectively, of the conservatively 
estimated yields that could be sustained in the two parts of the basin.

The ability of an aquifer to sustain a given yield throughout the 
year depends on its ability to store enough water to sustain the given 
yield during the approximately 150 days each year when ground-water 
recharge is negligible. Estimates of storage capacity in the Ipswich
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River basin indicate that aquifers could yield an amount of water 
equal to the average annual recharge by dewatering about 1 foot of the 
aquifer during the summer months. Although the full potential of 
all aquifers in the basin undoubtedly will never be realized, the above 
figures afford assurance that greatly increased use of ground water 
could be sustained by maximum exploitation of available aquifers. 
Areas which appear to be favorable for further development are de 
scribed in the "Wilmington-Reading area report and in the section of 
the present report headed "Development of ground water in the lower 
Ipswich River basin".

In considering the development of surface-water supplies from 
streamflow, it is apparent that pumpage during low-flow periods 
could be increased very little in the Wilmington-Reading area and 
only moderately in the lower river basin. The low-flow frequency 
curve for the stream-gaging station at South Middleton (fig. 13) 
indicates, for example, that an average flow of 1 mgd for 120 con 
secutive days occurs about once in ^/2 years, and the probability of 
occurrence in any one year is therefore about 13 percent. At the 
gaging station near Ipswich, streamflow averages less than 1 mgd for
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FIGURE 22. 'Frequency of lowest precipitation for periods ranging from 1 month 
to 7 consecutive months during the growing season (April to October) at 
Middleton.
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30-day periods about once in 20 years and the probability of this oc- 
curence each year is about 5 percent. Average minimum flows are 
about 1 cfs at the South Middleton gage and about 4 cfs at the Ipswich 
gage.

Any substantial increase in the pumpage of streamflow from the 
Ipswich River basin will necessitate the use of storage facilities 
which allow pumpage of high flows for use during low-flow periods. 
Estimates of possible rates of surface-water withdrawal can be made 
from data available in the files of the Branch of Surface Water, U.S. 
Geological Survey, whenever one desires to relate these data to specific 
volumes of storage and predicted rates of use.

The ponds within the drainage basin are potential sources of water 
supply. Such sources have not been investigated in detail for this re 
port. Many of the ponds are merely depressions in a generally swampy 
surface, and their use for water supply would necessitate extensive 
treatment of the water for removal of color, odor, and in most places, 
excessive amounts of iron and manganese. Most of the ponds capture 
runoff from very small watersheds, and hence pumpage from these 
sources would largely be ground-water withdrawal. In addition, 
these ponds that would provide the best conditions for use as water 
supplies have been preempted to a large extent for recreational use. 
Although certain limited recreational uses of small lakes are not 
incompatible with water-supply use, the tendency at present is to 
look elsewhere for water-supply and to leave the ponds for unrestricted 
use. Ponds currently in use as water-supply or storage reservoirs 
are listed in table 8.

It should be remembered that development of either ground water 
or surface water can not occur irrespective of each other. The close 
relationship between ground- and surface-water supplies has been am 
ply documented by the Wilmington-Reading report and the section, 
"Diversions and stream regulation" in the present report. The hydro- 
logic principles that underlie this relationship are true anywhere in 
the river basin. An increase in the withdrawal of ground water at 
any point will have some effect on streamflow, particularly on base 
flow, downstream from that point. New wells near stream channels 
will intercept potential base flow and, if drawdowns from such wells 
intersect the stream channels, streamflow will be captured. In the 
drainage basin above South Middleton, the existing municipal supply 
wells and most of the areas that are favorable for further development 
of ground water are adjacent to stream channels. It may be assumed, 
therefore, that large increases in the withdrawal of ground water 
will result in appreciable reductions of streamflow during base-flow 
periods.
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The nature and magnitude of the effects of increased ground-water 
withdrawals will depend greatly on whether the water withdrawn is 
diverted from the basin, wasted to a stream from a central point, or 
returned to the ground at numerous points within the basin. At the 
Reading well field, for example, where wells obtain much of their 
recharge from the river, water withdrawn from the wells is diverted 
from the river basin and, as a consequence, streamflows downstream 
from the well field are seriously reduced during most low-flow periods. 
In Topsfield, on the other hand, ground-water withdrawal occurs rela 
tively far from the main channel of the river, and the water is returned 
to the ground at many points within the town. .Under these condi 
tions, ground-water withdrawal probably does little to alter base flows 
in the river except for the reduction of flow due to a presumed slight 
increase in the amount of water lost through evapotranspiration. De 
velopment of additional ground-water supplies could therefore occur 
in several areas of the lower Ipswich River basin with relatively little 
reduction of low flows in the Ipswich River, but only in areas remote 
from major stream channels and if waste disposal would replenish 
aquifers at a rate approaching the rate of withdrawal. Areas in which 
these conditions can exist are probably found only in the rural parts 
of Andover, Boxford, and northwestern Ipswich. Additional pump- 
age of ground water from the entire Miles River subbasin in Hamilton 
and Wenham would reduce streamflow only in the lower few miles of 
the Ipswich River and would have no effect on flows measured at the 
gaging station near Ipswich.

In the lower Ipswich River basin, induced infiltration of streamflow 
to ground-water aquifers probably occurs along the Ipswich River at 
the Danvers and Middleton municipal supply wells. Induced infil 
tration at both of these sites is postulated largely on the basis of the 
proximity of the wells to the river, the known geology of the area, 
and an analogy to hydrologic conditions at the Reading municipal 
well field. No estimate of the amount of induced infiltration is avail 
able, but it is assumed that a large increase in ground-water pumpage 
at these or other similar locations would be reflected in a reduction of 
low-flow stages downstream.

As the converse of the situation in which withdrawal of ground 
water reduces flow in a stream, reduction of streamflow may cause a 
decrease in the withdrawal of ground water. Data from the municipal 
well field in Reading show that a decline in stage of the river results 
in increased drawdowns in the adjacent wells, and when the draw 
downs become critically large pumping rates are reduced. Therefore, 
the inability of a stream to supply all the induced recharge needed 
during a long low-flow period could result in both drying up the

220-917 O 6&-~-6
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stream and reducing the amount of available water from a well field. 
These effects can occur as the result of many conditions that tend to 
reduce streamflow during low-flow periods. Thus, swamp drainage 
and channel dredging, diversions of streamflow to other basins, and 
pumpage of ground water so as to divert potential base flow would 
tend further to reduce low streamflows, and each could also reduce 
ground-water withdrawals at points downstream.

Large increases in diversions from the basin are possible if adequate 
discharges are maintained during low-flow periods. At the present 
time, diversions of streamflow from the basin occur almost entirely 
during periods of high stream stages, and there are no measurable 
effects of these diversions on the pumpage of ground water in the 
basin. Under optimum conditions of pumpage, diversions of stream- 
flow could probably be increased to about three times present annual 
rates without reducing average base flows. Although present diver 
sions of ground water in Reading reduce base flows in the Ipswich 
River by a considerable amount, additional diversions of ground water 
could be readily sustained in any part of the river basin if made during 
high-flow periods.

Investigations made during the study of the coastal region of 
Massachusetts by the New England-New York Inter-Agency Com 
mittee (1955, p. V-59 and VII-3) indicated that no new power, con 
servation-storage, or flood-control sites are feasible in the Ipswich 
basin. Although relatively small local conservation or flood-control 
projects are not ruled out by this finding, it is likely that future water- 
resources development in the Ipswich River basin will be undertaken 
mainly for municipal and industrial water supply and that this 
development will proceed largely through expansion of local storage 
facilities and the optimum utilization of water under existing hydro- 
logic conditions.

Effective use of both ground water and surface water in the basin 
will depend on the extent to which all possible hydrologic factors are 
taken into account in the planning. The abundance of water in the 
river basin has made possible a relatively uncoordinated approach to 
water-supply problems by individual communities, but it is apparent 
that increasing development will bring increasing problems unless 
planning is expanded to include a basin-wide approach to the use of 
water resources. In particular, future development will necessitate a 
more complete appraisal of the vast storage reservoir represented by 
the swamps of the basin. Expanding urbanization in the Ipswich 
River basin, at the same time as it increases the demands on water 
resources, will inevitably restrict the functioning of wetlands in the 
hydrologic system. Other factors of the hydrologic system will be 
altered as the result of changes in land use, the building of new high-
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ways, the restriction of stream channels, and developments as yet 
unforeseen. It is apparent, therefore, that a better understanding of 
the relationships among all the factors of the hydrologic system will 
help to insure that future water needs are met as effectively and 
economically as possible.

PRINCIPAL CONCLUSIONS

1. An abundance of ground water is available for use in the Ipswich 
River basin. It is estimated that withdrawal of ground water 
could be sustained under present conditions at about five times 
the 1960 rate of-4.9 mgd. Most of this increase would necessarily 
occur in the lower Ipswich River basin.

2. Conditions appear to be favorable for increased withdrawal of 
ground water in many places throughout the basin. One or more 
favorable sites exist in each of the 10 communities that occupy 
the major part of the river basin.

3. The principal sources of present and future ground-water supplies
are the stratified glacial deposits that underlie most lowlands in
the drainage basin. However, the yield at any given site depends
on the thickness and distribution of permeable materials.

In the Wilmington-Reading area, the chances of locating thick,
permeable materials appear to be best in the Martins Brook-Skug
River drainage basins. In the lower Ipswich River basin, the most
favorable areas appear to be the Wenham Swamp-Pleasant Pond area,
the Miles River su'bbasin, and the central reaches of the Ipswich River
valley. In the areas listed a'bove, as well as in others described in this
report and the Wilmington-Reading report (Baker and others, 1964),
careful exploration and testing are necessary in order to locate the
most permeable zones in potential aquifers.
4. Swamp deposits occupy large areas of the basin and exert a strong 

influence on streamflow characteristics, evapotranspiration, and 
ground-water recharge. The lowland swamps, the underlying 
stratified drift, and the principal streams of the area form the 
three major components of a complex hydrologic system. Al 
though the function of swamps in the hydrologic system is imper 
fectly understood, swamp areas are known to store large amounts 
of water throughout the year, and thereby retard stream runoff 
and provide potential recharge for ground-water reservoirs.

5. Surplus streamflow drains from the basin during the late fall, win 
ter, and spring seasons. However, the usable water supply of 
the basin is basically limited by the rate at which water can be 
obtained from ground- and surface-water storage during the 
remainder of each year when little recharge occurs and stream-
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flow declines. The period during which little recharge occurs 
may be nearly 180 days, and conditions of critically low stream- 
flow have lasted as long as four months.

6. Further development of water supplies from streamflow could be 
sustained on a year-round basis in the downstream reaches of the 
river. At the South Middleton gaging station, flows averaging 
only 1 mgd for a period of 60 days have a 24 percent probability 
of occurrence each year, whereas at the gaging station near 
Ipswich, flows averaging only 1 mgd for a period of 60 days have 
not occurred during the past 30 years. Greatly increased 
amounts of water could be taken from the Ipswich River during 
high-flow periods in both the Wilmington-Eeading and the 
downstream areas.

7. The quality of water in the Ipswich River basin is generally satis 
factory for domestic as well as for many commercial needs. In 
comparison with most ground and surface water throughout the 
nation, the water is relatively soft and possesses few objectionable 
constituents. Iron and manganese are elements most commonly 
present in objectionable amounts.

8. Future changes which will accompany the rapidly increasing ur 
banization of the river basin will greatly affect the hydrologic 
regimen in the basin. The drainage or filling of swamps, the 
construction of highways and housing developments, and many 
other changes in land use will tend to increase the cost and diffi 
culty of obtaining future water supplies. Specifically, in addi 
tion to the decrease in areas available for water development, the 
tendency will be toward more rapid stream runoff, higher peak 
flows, lower base flows, less ground-water storage, and less 
recharge to aquifers.

9. The complex relationships that exist among the many elements of 
hydrology in the river basin imply the necessity for a basinwide 
approach to hydrologic problems and a regard for the inseparable 
nature of ground- and surface-water resources.
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Particle-size distribution..           14, T8

See also Grain size. 
Peabody            43,56,64,65

municipal water supply .        36.63 
well..-          -   -   21

Peak discharges of streamflow         45 
Peak-storm runoff              26
Peat  .               24,25
Permeability            14,16,21

bedrock               10
coefficient.-.       VI, 16,19, 21, 23, 27
defined_______________.__ VI 
effect on runoff_____         7 
horizontal._______   -     23,25 
muck_____________________ 24,26 
peat    .  .  .        24
vertical..._  ___     . 23,25,29 
See also under particular deposit. 

pH  .......   ....   ... ....   VI
Pleasant Pond__ ___          75 
Pleistocene _          VH, 14,22,27
Pocahontas Spring               35
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Pollution... __.....____._.._._ 62 
Ponded water._  ..  .._______ 26,52 
Ponds, potential water sources _   _ 72 
Population growth_____________ 2,65,69 
Porosity   _.__ _..  ___.. VII, 14.23 
Precipitation. ___....__ 5,28,29,31,32,46,69 
Public supply of water____________ 64 
Putnamvllle Reservoir..__. ______ 66 
Pye Brook _____._______.___ 20

Q 
Quality of water_ .____________ B8

R 
Reading..  _..___.____.....__ 20,56,65

municipal water supply  ...   .... 36
wells        .   30,33,48,73

Recession curve, defined___________ VII
Recharge  ____-___-_ VII, 26, 89, 39,70

rate in bedrock  ...... ______ 11
rejected ..         ...   __ 34 

Recovery methods of ground water_____ 34 
Recreation __   ___________ 66 
Reservoir, ground-water..   _   __ V 
Rock types ____. ____________ 10 
Rowley municipal water supply_______ 36 
Runoff..     .. VII, 11,26,28,30,39,46,69

annual___________________ 56 
effect of permeability on_.___..__ 7 
peak storm. _...____________ 26

Salem..     .  ........_....... 56,64,65
municipal water supplies. _______ 63

Salt water...________.___ __ 24
Seepage springs________________ 30
Semiconflned aquifer.____________ VI
Sewage, source of contamination______ 58
Skug River___.__...____.......... 75
Snowfall records________________ 5
Soil moisture____________. _. ___ VII
Soil zone percolation______________ 28
Sorting coefficient_______________ VII
South Middleton-..           47,72

annual runoff _______________ 46

gaging station....._ ......   45,51,52,71
stage hydrograph_____________ 56 

Specific capacity. ____.___.. VII, 11,19,21 
Specific yield-.    .   VII, 14,16,19,23,24 
Springs as water source____________ SS 
Stage, denned.______.__.... .. . VII
Storage              28, 31, #,69

bases for estimates_____________ 41
in bedrock_________________ 11

Storm seepage_________________ VII
Storms...  ____.____________ 46
Stratified deposits..- .______._..   42

sources of future ground water______ 75
Stratified drift        -_....._ 36,41
Stratigraphy, defined_.___._.____ VIII 
Stream channel deepening, proposed____ 30 
Streamfiow.__________________ 46

Page
Stream pollution___..__  .      62
Stream regulation....              56,72
Surface runoff__________.__   -- VII
Surface water, defined             VIII

discharge, defined________     VI
runoff._______.___-.__     39
storage, defined__.__        VII

Swamp deposits_.. 8, 14, 21, t4, 29, 41, 42, 47, 75
Swamps, ponded water on___.___    26
Swan Pond_ __  __          66

Temperature, cycle               5 
water._.___ .           61 

Theis, C. V., and others, cited____    19 
Thiessen method, defined__  ...     VIII 
Till  ....            8,14,J£,29
Topography_____ _          S 
Topset beds...        -   -    18 
Topsfield...             20,43,73

municipal water supply__.__  ... 36,44 
well..              33

Transmissibility_ . ... __   VIII, 69

U
Unconfined aquifer             VI 
Unconsolidated rocks.          VIII, 7, 14 
Unregulated streams..             47 
U.S. Public Health Service limits recom-

mended...            58 
Use of water                 34,64, 69

W
Waste water____             56
Water-level fluctuation.            16,31 
Water loss...________.  ....   VIH, 57
Water-resources development-         69 
Water table, defined            VIII
Water-table aquifer.  _     VI, VIII
Water use.-__.__         34,64, 69
Water year, defined_..__        VTII 
Wells, types                 34 
Wennam  _._.       . . 43,45,73

municipal water supply          36,44 
well...               24

Wenham Lake..__      .    6,44,66 
Wenham Swamp____________ 24,44,57,75 
Western area                  4* 
Wills Brook   .          - 35
Wilmington     _        20,65

municipal water supply          36 
test boring...__            24
wells-.              33

Wilmington-Reading area, ground-water con 
ditions..    ___     56 

Wind deposits..           8,14, «7
Wisconsin ice______________ ... 15
Withdrawal of ground water.          35,36

feasibility of increasing_     ... 4$

Yields      _     _. 11,19, 41
See also under particular deposit.
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